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ABSTRACT 

Published wavelengths and estimated intensities of lines characterizing the 
first two spectra of columbium (RP881) have been supplemented by observations 
of the arc spectrum (6500 to 8500 A) in an atmosphere of helium, by observations 
of the spark spectrum (2000 to 2100 A), and by measurements of the Zeeman 
patterns for 1,557 lines. All available data have been analyzed for the purpose of 
correcting and extending the information about the structures of Cbn and Cb i 
(RP793). 

The Cbn table contains 1,723 lines (2002.41 to 7026.15 A), 1,494 of which are 
explained as combinations of 183 ionic energy levels comprising 27 singlet, 40 
triplet, and 9 quintet spectral terms. The terms arising from electron configura- 
tions 4d 4 , 4c? 3 5s, and 4d z 5p have been almost completely established, but efforts 
to find spectral series for Cbn were futile. The lowest energy (normal state) 
of Cb + ions is represented by (4d 4 ) a 5 D , but the strongest emission lines involve 
(4d 3 5s) a 6 F, a metastable term. The most intense line of the Cbn spectrum is 
(4d 3 5s) a 5 F 5 — (4d 3 5p) z 5 Gl, with a wavelength of 3094.172 A. Zeeman patterns 
observed for 646 Cb it lines were most helpful in extending this analysis, which now 
includes 87 percent of the recognized lines and 95 percent of their total intensity. 

The Cb i table contains 3,313 lines (2164.54 to 10920.7 A), 2,836 of which have 
been interpreted as combinations of 364 atomic energy levels representing 58 
doublet, 55 quartet, and 13 sextet spectral terms. The lowest term (normal state 
of neutral Cb 'atoms is (4d 4 5s)'a 6 D ^, and the strongest line of the Cb i spectrum 
is the transition (4<i 4 5s) a 6 D 4 M— (4d 4 5p) y 6 Fsm> with a wavelength of 
4058.931 A. The Cb i spectrum is largely accounted for by transitions 
between levels arising from 4d 4 5s or 4d 3 5s 2 and 4<2 4 bp or Ad z 5s5p electron 
configurations. Zeeman patterns measured for 911 Cb i lines have been 
90 percent interpreted in this analysis, which now includes 86 percent of the 
known lines and over 93 percent of their intensity. Two members of the series 
(4d 4 ns) 6 D and two each of (4c? 3 5s np) 4 (DFG) have been established. Extra- 
polation of these indicates a limit of 54,600 cm -1 , which represents the energy 
difference between the normal states of Cb atoms and Cb+ ions. The corre- 
sponding ionization potential for neutral columbium atoms is 6.77 volts. 
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I. INTRODUCTION 

Structural analyses of columbium spectra began 20 years ago, when 
one of the present authors [1] 1 succeeded in finding three multiplets 
in the arc spectrum of columbium (Cb i). Two years later the first 
regularities in the spark spectrum of columbium (Cb n) were an- 
nounced [2]. The impossibility of extending such analyses without 
improved and additional descriptive material was recognized, and 
steps were taken to obtain the desired data. At that time the pre- 
cision of the published wavelengths was not sufficient to permit 
finding true "constant differences' ' in such complex spectra nor were 
the intensity estimates of arc and spark lines reliable enough for dis- 
crimination of ionization stages. The furnace spectra of columbium 
vapor at various temperatures had not been investigated, and 
although the published Zeeman-effect data gave the clue to the first 
regularities in these spectra, they were inadequate for the extension 
of these analyses. 

In 1931 the furnace spectra of columbium were investigated by 
King [3]. In 1936, new descriptions of arc and spark spectra were 
published by Meggers and King [4]. These new data formed the 
basis for a report on multiplets and terms in the first two spectra of 
columbium published by Meggers and Scribner [5] in 1935. In that 
report about 400 Cb i lines were accounted for as combinations of 
sextet and quartet terms, and about 250 Cb n lines as combinations of 
quintet and triplet terms. Theoretically predicted doublet terms for 
Cb i and singlet terms for Cb n could not be established at that time. 
That work indicated that the term analyses of columbium spectra 
could not be concluded satisfactorily without more extensive and 
accurate observations of the Zeeman effect. Several years later the 
unique facilities of the Massachusetts Institute of Technology [6] for 
making such observations with high magnetic and spectrograph^ 
resolution became available, and several sets of Zeeman spectrograms 
of columbium were made for the Bureau by G. R. Harrison. These 
were measured, calculated, and interpreted during 1940-41, and the 
results served to correct and greatly amplify the term analyses of the 
first two spectra of columbium. Incidental to these analyses, addi- 
tional observations were made at this Bureau on the arc spectrum in 
the red and infrared, on the spark spectrum in the ultraviolet, and 
on the Zeeman effect in the visible and near infrared. The present 
results for columbium spectra are comparable or superior to those 
published [7] for the corresponding spectra of analogous vanadium, and 
since there is now neither opportunity nor necessity for making further 
observations, this final report on the term analyses of the first two 
spectra of columbium has been prepared. 

Although columbium was discovered 143 years ago, it is only during 
the past decade that this chemical element has lost its status as a 

1 Figures in brackets indicate the literature references at the end of this paper. 
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scientific curiosity and found important industrial application. 
Considerable quantities of columbium are now being used as a con- 
stituent of steel [8] and other alloys [9], and since the efficiency and 
popularity of spectrochemical analysis of such alloys is rapidly 
increasing, it may be assumed that this report on the structures of 
columbium spectra will be of interest to practical spectroscopists, as 
well as to theoretical physicists. 

II. OBSERVATIONAL DATA 

The analyses of columbium spectra are based on observed facts, 
consisting of wavelength measurements, intensity estimates and 
other line characteristics, temperature classification, and Zeeman- 
effect data, all of which are collected in tables 1 and 4. The second 
spectrum (Cb n), associated with four valence electrons, is presented 
first because it is simpler than the first spectrum (Cb i) associated 
with five electrons, and because the low energy states of Cb n are 
convergence limits of Cb I spectral series. 

1. WAVELENGTHS 

Most of the wavelengths shown in tables 1 and 4 are quoted from 
the description of arc and spark spectra of columbium published by 
Meggers and King [4]. Their claim that the majority of these values 
had an average probable error of less than 0.005 A was tested and 
confirmed by partial analyses [5] based mainly on the combination 
principle, and has been further verified by the present more complete 
analyses of these spectra. Supplementary measurements of wave- 
lengths were made in the ultraviolet to extend the data for Cb n 
lines from 2100 to 2000 A, and new observations were undertaken 
between 6500 and 8500 A to detect faint lines of Cb i masked by 
molecular spectra (presumably due to CbO) when the arc-in-air is 
employed. For the latter purpose an inclosed arc was used, through 
which pure helium gas was drawn to remove the ambient oxygen. 
Although this device did not completely eliminate the molecular 
spectra, it reduced their intensity sufficiently to reveal a considerable 
number of previously undetected atomic lines. The latter observa- 
tions were limited to the red and near infrared, because this is the 
range in which the background of masking molecular spectra is most 
intense and is also the region in which combinations of series-forming 
terms are to be expected. The finding of the expected series-forming 
terms led to a determination of the spectroscopic ionization poten- 
tial for columbium atoms (see below). 

2. INTENSITIES AND OTHER LINE CHARACTERISTICS 

Intensity comparisons of columbium lines from arc and spark 
sources enabled Meggers and King [4] to make a satisfactory separation 
of Cbi, Cbii, and Cbm or Cbiv spectra. That assignment of lines 
to Cbi and Cbii spectra has been confirmed for all lines whose 
Zeeman patterns have been observed and interpreted. Although not 
sufficiently precise to test quantum rules, the estimated relative 
intensities in either spectrum were helpful in grouping lines into 
multiplets and in intrepreting levels. 
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Other characteristics of spectral lines that proved useful in the 
analyses of these spectra are self -reversals (r or R), hyperfine com- 
plexes (c or cW) and haziness (h or H). 

The absorption spectrum of columbium vapor has never been 
observed, and an attempt to find reversals in the underwater spark 
between columbium electrodes failed to give positive results. The 
only information of this type for columbium is that of partial self- 
reversaJs (r or R) observed for certain lines in arc or spark sources. 
That such lines involve the ground state (or low metastable state) oi 
the emitter is true without exception in columbium spectra. 

A large number of Cb i and Cb n lines exhibit hyperfine structure 
(c or cW) due to nuclear spin, and it was assumed by Meggers and 
Scribner [5] that most of the wide lines (cW) involve low levels arising 
from electron configurations with a single penetrating s-type electron, 
as first mentioned by Meggers and Burns [10] in connection with other 
spectra. Some of the Cb levels were first found and interpreted on 
this assumption, and in every case of this kind, subsequent observation 
of the Zeeman effect has confirmed the interpretation. A value of 
7=9/2 for the nuclear moment of columbium was found from hyper- 
fine structure by Ballard [11], who from observed intervals derived 
J values of 5/2 and 7/2 for the upper levels of the transitions producing 
5344 A and 6661 A, respectively. This analysis establishes the J 
values in question to be 7/2 and 9/2, respectively. 

3. TEMPERATURE CLASSES 

King [3] assigned temperature classes (III, IV, or V) to 646 of the 
stronger lines of columbium between 3100 and 6900 A, by comparing 
electric-furnace spectra at temperatures of about 2,500° and 2,900° C 
with arc and spark spectra. Approximately 200 lines appeared in the 
furnace spectrum, but many Cb i and all Cb n lines require higher 
excitation. The present analyses of these spectra are consistent with 
these results. 

4. ZEEMAN EFFECT 

To this date the only published observations of the Zeeman patterns 
for Cb lines are those that Jack [12] made 32 years ago. These 
comprised about 100 lines between 2656 and 4700 A, the majority 
being reported as pseudotriplets. Component separations of less 
than 0.6 Lorentz unit were not resolved and lines with patterns less 
than this in total width were said to be unaffected by the magnetic 
field. These observations are credited [1, 2] with having revealed the 
first regularities in Cb i and Cb n, but unfortunately they were not 
suitable for extending the analyses. 

In 1939 and 1940 several sets of Cb spectrograms were made at 
the Bureau's request in the Spectroscopy Laboratory of the Massa- 
chusetts Institute of Technology, where high-power spectrographs 
were combined with a magnet producing field intensities up to 100,000 
oersteds to observe Zeeman patterns surpassing any hitherto seen [6]. 
With this combination, separations of 0.1 Lorentz unit are readily 
resolved, and under favorable conditions the resolving power may 
attain 0.05 Lorentz unit. 

These MIT spectrograms extend from 2200 to 6500 A, and the 
magnetic field intensities range from 74,000 to 95,000 oersteds. The 
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Figure 1. — Zeeman patterns for Cb at 95,000 oersteds. 
l = parallel components, 2= perpendicular components, 3=spectrum without magnetic field. 
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Figure 2. — Zeeman patterns for Cb at 95,000 oersteds. 
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l = parallel components, 2= perpendicular components, 3=spectrum without magnetic field. 
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Figure 3. — Zeeman patterns for Cb at 95,000 oersteds. 
1 = parallel components, 2= perpendicular components, 3= spectrum without magnetic field. 
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Figure 4. — Zeeman patterns for Cb at 95,000 oersteds. 
1 = parallel components, 2= perpendicular components, 3= spectrum without magnetic field. 
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results for wavelengths less than 4500 A, obtained with long focus 
concave gratings giving a scale of 0.4 A/mm, leave little or nothing to 
be desired, but most of the longer wave data were derived from spectro- 
grams with a dispersion of 3.7 A/mm. The long wave region 5000 to 
8000 A was photographed in the spectroscopy laboratory of this Bureau 
with a dispersion of 1.8 A/mm, the light source being an interrupted 
arc between Cb electrodes in an evacuated chamber between the pole 
pieces of a Weiss electromagnet yielding field intensities of 35,000 
oersteds. These observations were extended to 8600 A by employing 
another grating with a dispersion of 5 A/mm. 

All the Zeeman spectrograms were hand measured at the Bureau, 
and one set of MIT plates was machine measured [13]. Three decimal 
places were calculated for patterns measured on high-dispersion 
spectrograms, or when the results from different spectrograms were 
in good accord. All the measurements were f educed to Lorentz units 
on the assumption that Cu 3247 A, Ag 3280 A, Ca+ 3933 A, Na 
5889 A, or K 7664 A patterns are represented bv (0.333) 1.000, 1.667, 
and Cu 3273 A, Ag 3382 A, Ca+ 3968 A, Na 5895, or K 7699 A by 
(0.667) 1.333. Two or more of these lines appeared on each set of 
spectrograms. 

Although hyperfine structure was obvious in many of the Cb 
patterns, and fully resolved in some, this phenomenon was ignored 
in the final compilation of results. 

Resolved Zeeman patterns of Cb lines may exhibit from 1 to 30 or 
more components, but it is impractical and unnecessary to give all in 
minute detail. The important observed and derived facts concerning 
the Zeeman effect are presented in the last six columns of tables 1 and 
4; the first of which indicates the type of pattern according to the 
classification of Back and Lande [14], the second reports the separation 
of resolved components, the third and fourth contain values for the 
strongest components of parallel and perpendicular polarization, 
respectively, and the last two exhibit the derived splitting factors of 
the low and high energy levels responsible for the spectral line. Values 
in parentheses are borrowed from other lines. All numerical values in 
the last five columns are expressed in Lorentz units (L = He/4:irmc 2 ). 
Some typical Zeeman patterns of columbium lines are displayed in 
figures 1, 2, 3, 4 as 5 X enlarged reproductions from original spectro- 
grams. A few patterns are somewhat unsymmetrical (see 3824.88 A 
in fig. 2, 4152.58 A in fig. 3, and others marked "us" following the 
Zeeman-type number in tables 1 and 4), but since the splitting factors 
derived from these were in good accord, no further study was made 
of these dissymmetries. 

III. TERM ANALYSIS OF Cbn 

I. LINES OF THE Cbn SPECTRUM 

The available data for 1,723 Cb u lines, characteristic of singly 
ionized Cb atoms, are displayed in table 1, where column 1 shows the 
estimated intensity and character, column 2 the measured wavelength, 
column 3 the vacuum wave number, column 4 the term combinations, 
and the last six columns contain data on the Zeeman effect. Cb 
spark lines definitely identified as belonging to Cb in [151 an d Cb iv[161 
spectra are omitted, and also about 60 lines not observed in the arc 
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and appearing very hazy (H) in the spark. The latter could not be 


classified as Cb n and some of them may belong to Cb in. The total 


number of Cb n lines now interpreted as combinations of singlet, 


triplet, and quintet terms is 1,494. This constitutes 87 percent of 


the total number listed in table 1, and includes 95 percent of the total 


intensity. It may be noted that 22 of these lines are doubly classified. 


In these cases the first term combination is the more probable. The 


Zeeman patterns observed for 646 Cb n lines constitute the strongest 


evidence for the correctness of this analysis and interpretation of the 


Cb ii spectrum. 


Table 1. — Second spectrum of columbium (Cb n) 
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&3F,-Z3D§ 


2 







1.16 


(1. 150) 


1.145 


3ft 


4566. 26 


21893. 6 


tf tPi-j >D! 














3ft 


4556. 08 


21939. 7 


biFi-wiQS 














50ft 


4550. 10 


21971. 4 


bWi-zm 














10ft 


4548. 71 


21978. 1 


d*Pi-w3D°2 














8c 


4535. 69 


22041. 2 


a3Dj-z3D2 


3 


.14 


.28 


1.06± 


1.00 


1.14 


2ft 


4533. 28 


22052. 9 


a 1F3-Z S FJ 














50ft 


4527. 648 


22080. 35 


&3F,-Z3D! 


2 


.43 





1.28 


.85 


.42 


30ft 


4522. 21 


22106. 9 


c 3Pj-j/ »D3 


3 


.127 


.254 


1.40± 


1.467 


(1. 340) 


6ft 


4515. 93 


22137. 6 


c3Pj-i/3DI 














8c 


4495. 46 


22238. 4 


b*Gt-z «D2 














200ft 


4492. 962 


22250. 81 


C3PJ-I/3D3 


76,2 







1.23 


(1.218) 


1.224 


2 


4489. 71 


22266. 9 


&3Q 4 _zSD3 


1 


.43 







1.030 


(1.460) 


2ft 


4481. 01 


22310. 2 


&3H4-Z3F3 














7ft 


4474. 66 


22341.8 


6 3Q 4 _ Z SD4 


3 


.45 


1.80 




(1. 027) 


1.477 


20ft 


4467. 92 


22375. 5 


c 3p 2 -y «DI 


1 







1.42 


(1. 468) 


1.452 


2ft 


4461. 92 


22405. 6 


d spj-x 3DI 














12c 


4460. 17 


22414. 4 


c 3 F4-l/ J D§ 














50ft 


4449. 912 


22466. 07 


a3D 3 -z3D5 


2 







1.49 


1.255 


(1. 138) 


10ft 


4447. 737 


22477. 05 


d 'Pj-z 3D§ 














2ft 


4445. 17 


22490. 


d*Fi-w 3 D2 














2ft 


4444. 26 


22494. 6 


a iHs-2 3 HS 














5ft 


4443. 00 


22501. 


c 3 F3-i/ J D5 














4ft 


4427. 683 


22578. 86 


ciFi-ym 














10ft 


4427. 05 


22582. 1 


d*Fi-w*Di 














2ft 


4426. 27 


22586. 1 


aiQi-zm 














30ft 


4424. 66 


22594. 3 




1 







.55 






20ft 


4421. 660 


22609. 61 


C 3Fi-y 3 Dl 


3 


.24 


.24 




1.22 


(.98) 


6ft 


4413. 15 


22653. 2 


d 2Fi-x 3P| 














10ft 


4408. 729 


22675. 92 
















5ft 


4407. 78 


22680. 8 


d*Fi-x>Fi 
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Intensity 


X »ir A 


Wave 
No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 
est 


Strongest 






spark 


vac. 


nation 


type 


ration 


71 


0i 


Qi 






cm-i 








V 








1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


50* 


4401. 172 


22714. 86 


&3F,- 2 3D2 


3 


0.29 


0.58 


0. 86, 1. 15 


0.85 


1.14 


n 


43P8. 55 


22728. 4 
















3ft 


4396. 77 


22737. 6 


aiG4-z»F4 














u 


4390. 63 


22769. 4 


c »F»-f 5 D§ 














Zh 


4374. 60 


22852. 8 


a iPi-y 3 D2 














40ft 


4372. 645 


23863. 05 


&3F 3 -Z3D§ 


3 


.159 


.476 




(1. 150) 


1.309 


100ft 


4367. 966 


22887. 54 


6 3 F4-Z 3 D§ 


1 


.154 





.690 


1.152 


1. 306 


20ft 


4367. 387 


22890. 58 


&3Dl-zlD 2 


2 


.638 







(. 681) 


1.319 


3ft 


4361. 34 


22922. 3 
















6ft 


4348. 244 


22991. 35 


c 3 F 2 -y 8 D! 














3c 


4329. 47 


23091.0 


&3H4-Z3F? 














50/i 


4321. 49 


23133. 7 


6 3 G 3 -z 3 G 3 


76,3 







.765 


(. 767) 


.763 


40ft 


4317.72 


23153. 9 


ciQu-y mi 


1 


.089 







1.089 


(1.000) 


5ft 


4312. 70 


23180.8 


a iPi-j/ *Dz 














7ft 


4306. 99 


23211.6 


a iPi-i/ 3D! 














8ft 


4302. 91 


23233. 6 


a 1G4-Z *F1 














10ft 


4300. 53 


23246. 4 


C 3 Pi-Z ! P§ 














3ft 


4299. 45 


23252. 3 


a 3 D 2 -z«F? 














2ft 


4296. 44 


23268. 6 


6 3H 5 -z 3 FS 














4 


4295. 71 


23272. 5 


6 3F 3 -z m 














2ft 


4260. 35 


23301. 6 


c 3 Po-!/ 8 Di 














m 


4274. 87 


23386. 


&3G 4 _ 2 3G5 


3 




.15 




1.03 


(1.07) 


Sh 


4269. 92 


23413. 1 


C 3p,_ z 3p$ 














20ft 


4267. 65 


23425. 5 


aiG4-z 8 D§ 














8ft 


4266. 27 


23433. 1 


6 3 G 3 -z 3 F 2 














Ah 


4257. 19 


23483. 1 


a 3 D 2 -z *F 2 














30c 


4254. 392 


23498. 53 


a 3D 3 -z 3D§ 














5ft 


4254. 05 


23500. 4 


aiG4-z«D4 














15ft 


4220. 598 


23686. 68 


b 3F 3 -z »F! 


3 


.119 


.356 




(1. 150) 


1.269 


ZOh 


4218. 53 


23698. 3 


6 iFi-S m 














50ft 


4216.228 


23711.23 


b 3F4-z *F§ 


1 


.113 





.800 


1.139 


1.252 


20 


4214. 81 


23719. 2 


c 3 Pc-z 3 Pi 


7a 







1.22 


0/0 


1.22 


2ft 


4202. 880 


23786. 5 


d3p _y ipj 














8ft 


4199. 23 


23807. 2 


c 3 F 3 -z 3 P5 














10ft 


4193. 80 


23838. 


b 3 F 3 -z »FJ 


2 


.175 







(1. 150) 


1.325 


1 


4189. 47 


23862. 7 


6 3F4-z«F! 














2 


4189. 312 


23863. 57 


c 3 Fi-y 3 Pi 














50ft 


4185. 54 


23885. 1 


c 3 Pi-z3p§ 


2 







1.28 


(1.218) 


1.249 


7ft 


4183. 39 


23897. 3 


a 3 D 2 -z«F 3 














2 


4181. 52 


23908. 


a3D 3 -zJF5 














6ft 


4178. 40 


23925. 9 


b 3 F 2 -z 5Fi 


2 







1.563 


(.849) 


.135 


5c 


4177. 873 


23928. 90 


b 3 Di-y 5 D 2 














6ft 


4172. 54 


23959. 5 


b Wt-x IDS 














100c 


4156. 678 


24050. 91 


&3G 5 -z 3 Gi 


3 




.20 


1.21± 


(1. 19) 


1.23 


4c 


4148. 550 


24098. 03 


6 3 D 2 -z«Pi 














4c 


4146. 989 


24107. 11 


&3p 3 _ Z 8D5 














6ft 


4140. 59 


24144. 4 


c 3 P 2 -y »F| 














2 


4138. 91 


24154. 2 


6 3 G4-Z3GS 














10ft 


4138.46 


24156. 8 


6 3 F 2 -Z «F 2 














3ft 


4136. 72 


24167. 


e*Pi-tf*PJ 














20ft 


4126. 180 


24228. 7 


3Gj-Z 3 F3 














2ft 


4122.03 


24253. 1 
















10ft 


4119. 74 


24266. 6 


(b 3 D 2 -j/ 5 P>5 
\c3F a -z 3 P| 














100ft 


4119.284 


24269. 24 


aiHs-ziH! 


76,3 







1.005 


(. 992) 


1.018 


10ft 


4115. 597 


24290. 98 


c3p 2 -ziF| 


1 


.38 







(1. 468) 


1.088 


10ft 


4114. 56 


24297. 1 


6 3 D:-i/ 3 DI 


2 


.198 







(1. 171) 


.973 


8ft 


4110.81 


24319. 3 


d 3 F 2 -w)3DJ 














20ft 


4110. 32 


24322. 2 


a3D 3 -z«F§ 


3 




.07 


1.26± 


(1. 246) 


1.269 


4ft 


4109.00 


24330. 


c3F4-ziFS 














2A 


4106. 99 


24341. 9 


6 1G4— z 3 FJ 
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Intensity 
spark 


X air A 


Wave 
No. 
vac. 
cm-i 


Terra combi- 
nation 


Zeeman 
type 


Sepa- 
ration 


Strong- 
est 
P 


Strongest 
n 


0\ 


Ot 


1 


2 


3 


4 


5 


6 


7 


8 


8 


10 


50ft 


4104. 165 


24358. 64 


b^Fi-zm 


2 


0.200 





2.160 


1.162 


1.362 


3ft 


4101. 38 


24375. 2 


c iQ<-p 8 D§ 














2 


4097. 93 


24395. 70 


c iDj-z iF§ 














2ft 


4096. 28 


24405. 5 


d 3F s -z 3D§ 














20ft 


4095. 930 


24407. 62 


c 3p,-y 3Q§ 


1 


.46 







(1. 468) 


1.008 


10ft 


4089. 41 


24446. 5 


c 3F<-y 3G5 


2 


.23 







(1. 240) 


1.010 


20ft 


4085. 35 


24470. 8 


&3Di-|/3D§ 


2 


.54 







(.681) 


1.221 


5c 


4082. 65 


24487.0 


a ip,_ 2 3p2 














6ft 


4079. 34 


24506. 9 


d^Fi-w^DS 














10c 


4079. 10 


24508. 3 


b *Qs-z m 














2 


4074. 66 


24535. 


b 3Dj-y «D 3 














1 


4074. 110 


24538. 33 


c 3 F 3 -2/ 3 F2 














20ft 


4073. 09 


24544. 5 


a HI4-2 3QI 


76,3 







1.075 


(1. 083) 


1. 067 


15 


4072. 064 


24550. 66 


b 3F<-z JDS 


1 


.305 





.237 


1.152 


1.457 


5 


4068. 712 


24570. 88 


&3F 3 -Z*F3 














15ft 


4064. 058 


24599. 02 
















10ft 


4063. 734 


24600. 99 


b 3F 3 -z 5 DS 


2 


.32 







(1. 150) 


1.470 


60ft 


4061. 98 


24611.6 


bm^-zm 


3 


.227 





1. 03, 1. 26 


1.030 


1.257 


10 


4059. 68 


24625. 6 


b 3F4-Z 5 D4 














4ft 


4054. 513 


24656. 94 


c iDs-z 1D2 














3 


4049. 90 


24685. 


(a sPj-zSDS 

\C 3 F3—Z x Fl 














6ft 


4048. 675 


24692. 49 
















3ft 


4047. 964 


24696. 82 
















4ft 


4045. 58 


24711.4 


d 3F4-500I 














1ft 


4045. 06 


24714. 6 


b 3D 3 -z 3PI 














40ft 


4037. 67 


24759. 8 


d *Pi-y 3ST 


3 


.329 


.328 


1. 498, 1. 828 


1.498 


1.828 


6ft 


4031. 317 


24798. 81 


b 3Di-y <T>2 


2 


.667 







(.681) 


1.348 


3 


4030. 864 


24801. 59 


C3F3-2/3Q5 














7ft 


4026. 33 


24829. 5 


b 3Di -y 3D f 


3 


.299 


.299 




(. 681) 


.980 


4 


4023. 427 


24847. 44 


c 3pj_ Z 3SJ 














5 


4020. 233 


24867. 18 


aspj-zSDS 














1 


4019. 79 


24869. 9 


a 3G4— z 5 5 














4ft 


4018. 995 


24874. 84 


6 3D 2 -Z»P2 














3ft 


4016. 06 


24893. 
















8ft 


4012. 902 


24912. 60 


6 1D2— x 3 D3 














80ft 


4012. 165 


24917. 18 


c 3 Pa-j/ 3FS 


1 


.352 





.413 


1.469 


1.117 


3ft 


4010. 10 


24930. 


a iSo-V 5 D? 














5c 


4006. 995 


24949. 33 


6 3D 3 -y 3 D3 














5 


4005. 900 


24956. 15 


C 3 F4-1/ 3 F3 














80ft 


4000. 605 


24989. 18 


aiG4-z 3 F 3 


76,1 







1.052 


(1. 083) 


1.093 


8 


3999. 71 


24994. 8 


6 3F 3 -Z3Q§ 














2 


3999. 47 


24996. 3 
















2 


3997. 335 


25009. 62 


&3G 3 -z3FI 














3ft 


3994. 46 


25027. 6 


c 3p -y 3 pj 














3ft 


3993. 48 


25033. 8 


C 3P 2 -J, 3p$ 














2ft 


3989. 17 


25060. 8 


d 3F2-Z 3 P! 














10ft 


3983. 939 


25093. 71 


d *Fz-x 3 P? 














2ft 


3981. 323 


25110. 20 


a 1F3-J/ *D1 














200ft 


3976. 52 


25140. 5 


d 3F4-2T 3Q! 














30ft 


3971. 679 


25171. 17 


d 3F3-Z 3 G§ 


2 


.10 





1.00 


.71 


(.81) 


60ft 


3969. 130 


25187. 34 
















3ft 


3967. 95 


25194.8 


d 3F4-Z 3F? 














40ft 


3967. 36 


25198. 6 


d 3Fj-z 3FJ 














80, V E 


3966. 276 


25205. 46 


a 3D 2 -z »GH 


1 


.233 





.297 


.996 


. 763 


60ft 


3964. 26 


25218. 3 


iPi-i/ 3 Fa 


1 


.370 







(1. 115) 


.745 


4ft 


3963. 58 


25222. 6 


a mt-y 3FI 














8ft 


3962. 163 


25231. 63 


d *Fs-x 3G§ 














10ft 


3961. 62 


25235. 1 


b 3D 3 -z 3P2 














5ft 


3956. 656 


25266. 74 
















30 


3955. 882 


25271. 69 


d 3p : -y 3 S! 


1 


.328 





1.157 


1.485 


1.813 



486 Journal of Research of the National Bureau 


of Standards 




Table 1. 


— Second spectrum of columbium (Cb n) 
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Intensity 


X ttir A 


Wave 
No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 
est 
V 


Strongest 






spark 


vac. 
cm -1 


nation 


type 


ration 


n 


Q 1 


Q 1 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


3 


3955. 55 


25273. 8 


a 3 G3-z 3 D5 














5k 


3953. 524 


25286. 76 


b 3Dj-y 3 D§ 














100ft 


3952. 367 


25294. 16 


6 3F 3 _ 2 3F§ 


2 


0.458 





2.065 


1.149 


0.691 


1ft 


3949. 70 


25311. 2 


c *¥i-y 3 F5 














60ft 


3949. 451 


25312. 84 


aiQ4-2 3 GS 


2 


.154 





1.86 


1.090 


1.244 


5ft 


3948. 433 


25319. 36 


C 3 Pl-Z 3 Sf 














4ft 


3942. 905 


25354. 86 


6 iDj-x 3D! 














100ft 


3938. 547 


25382. 91 


o iFt-s »ai 


76 







1.007 


(1.010) 


1.009 


160c 


3936. 02 


25399. 2 


&3H4-Z3EU 


3 




.24 


.84± 


(.88) 


.82 


30ft 


3931. 79 


25426. 5 


(b iDa-z 3D| 
\a iHj-y 3 Gs 














2 


3931. 590 


25427. 83 


C 3F3-J/ 3 P5 














10ft 


3930. 022 


25437. 97 


C 3P2-Z 3 Fs 














2 


3925. 622 


25466. 48 


6 3 Di-z 3 P5 














2ft 


3924. 02 


25476. 9 


C 3F4-X 3 F§ 














10ft 


3921. 34 


25494. 3 


d 3F4-Z 3G2 














30ft 


3920. 754 


25498. 10 


d 3 F 3 -z 3 G$ 














100 


3919. 718 


25504. 84 


a 3 D2-2 3 FS 


3 


.309 


.620 


.691,1.000 


1.000 


.691 


1ft 


3915. 64 


25531. 4 


&iD 2 -u? 3 D3 














2ft 


3911. 036 


25561. 45 
















6ft 


3909. 331 


25572. 61 


&3D2-Z 3 P! 














4 


3909. 739 


25576. 48 


b 3 H 5 -z 3EU 














5 


3900. 547 


25630. 19 


a 3 Dj-z 3 GJ 














200 


3898. 292 


25645. 02 


& 3 F 3 -Z3G4 


1 


.076 





.843 


1.147 


1.071 


5ft 


3894. 564 


25669. 57 


6 3 F 4 -z 3 G4 














15c 


3887. 32 


25717. 4 


a «Pa-z 3 D3 














200c 


3879. 350 


25770. 24 


aiG 4 -z 3 F1 














4 


3870. 936 


25826. 25 


ciG4-ariF§ 














6ft 


3870. 60 


25828. 5 


d 3 F 3 -!/iD2 














100ft 


3865. 019 


25865. 79 


o 3 Di-z 3 F5 


2 


.18 





.87 


.51 


.69 


150, E 


3863. 056 


25878. 93 


& 3 F2-z 3 G2 


1 







.615 


(.849) 


.771 


4 


3856. 704 


25921. 55 


aiPi-z3Sf 














50ft 


3855. 500 


25929. 65 


a 3 D3-z 3 F2 


2 


.560 





2.366 


1.246 


.685 


4ft 


3855. 07 


25932. 5 


6 3 D3-2/ 3 Gi 














6ft 


3852. 63 


25949. 


a 3 G 4 -z3D§ 


1 


.26 







(1. 052) 


1.312 


3ft 


3850. 056 


25966. 31 


b 3 D 3 -J/ 3 F5 














8ft 


3843. 397 


26011. 30 


c 3 Po-z 3 Sf 














10 


3841. 666 


26022. 92 


b 3 Dj-i/ 3 Pi 


1 


.587 





.588 


1.175 


1.762 


1ft 


3840. 16 


26033. 2 


C 3 Pl-Z5S2 














200, V E 


3831. 840 


26089. 75 


&3F 3 -Z3F§ 


3 




.17 


1.12± 


(1. 150) 


1.093 


20c 


3830. 601 


26098. 19 


& 3 H4-z 3 HS 


2 


.15 







(. 880) 


1.03 


6ft 


3829. 221 


26107. 59 


a l Fi-y 3 P5 














40 


3828. 242 


26114.27 


&3F 4 -Z3F§ 


2 







1.33 


(1. 152) 


1.093 


5ft 


3824. 17 


26142. 1 


b iD 2 -:r 3pf 














4ft 


3824. 00 


26143. 2 


& 3 H«-z3H! 












1 


2 


3821. 72 


26158. 8 


& 3 G3-ziD 2 














200, V E 
5ft 


3818. 862 


26178. 40 


b 3 F2-z 3 F2 


3 


.156 


.312 


. 692, . 847 


.848 


.692 


3811.41 


26229. 6 


b 3 D 3 -j/ 3 G 3 














2ft 


3809. 27 


26244. 3 


c 3 P 2 -w 3 F2 














4ft 


3808. 10 


26252. 4 


b 1D2-Z3G3 3 














1 


3805. 23 


26272. 2 


a *H.i-y 3 HI 














100, V E 


3804. 733 


26275. 62 


bms-zmi 


3 




.078 


1. 035± 


(1. 052) 


1.036 


10 


3804. 01 


26280. 6 


o 3 D3-z3GI 


1 


.173 





.544 


1.236 


1.063 


80 


3801. 146 


26300. 42 


a 3 D 2 -z 3 F§ 


2 


.093 





1.27 


.991 


1.084 


6ft 


3795. 527 


26339. 35 
















30ft 


3792. 79 


26358. 4 
















5 


3784. 88 


26413. 4 


a 3 F2-z«GS 


2 


.195 







(.712) 


.907 


200 


3781. 379 


26437. 90 


& 3 F4-Z 3 G5 


2 







1.54 


(1.152) 


1.23 


20ft 


3779. 57 


26450. 6 


&3D2-Z1F3 


1 







.92 


(1.171) 


1.087 


2 


3778. 50 


26458. 


a«P3-z«D2 














30ft, E 


3770. 66 


26513. 


d 3 F2-*> 3 FJ 














5ft 


3764. 641 


26555. 44 


3 Di-2/ 3 PJ 














8ft 


3763. 13 


26566. 1 


C 3 P2— M> 3 F§ 














3ft 


3762. 99 


26567. 1 


b 3 D 3 -y 3 GS 














2ft 


3762. 064 


26573. 63 


d 3 F 3 -0 3 F2 














2ft 


3761. 32 


26578.9 


d 3 F4-r 3 F2 
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Table 1. 


— Second spectrum of columbium (Cb n) 


— Continued 




Intensity 


X.ir A 


Wave 
No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 
est 


Strongest 






spark 


vac. 


nation 


type 


ration 


n 


Q 1 


Q a 






cm-i 








V 








1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


15ft 


3760. 76 


26582. 8 


d 3 Fj-t> 3 F§ 














1A 


3757. 60 


26605. 2 


c *¥i-w 'FS 














3ft 


3757. 466 


26606. 14 


6 3Ds-l/ 3 F4 














1 


3752. 93 


26638. 3 


c *¥%-w 3F5 














1 


3752. 08 


26644. 3 


a *P 2 -z 5 D1 














lc 


3752. 02 


26644. 8 


a 5 Pl _ z 5 D g 














20 


3751. 285 


26649. 98 


biQi-zmi 


3 


0.137 


0.548 




(0. 950) 


0.814 


3 


3748. 00 


26673. 3 


a 3 Di-z*So 














10 


3741. 292 


26721. 16 


aiD 2 -z 3 F 2 














200, V E 


3740. 726 


26725. 21 


a^Dz-z^Fl 


3 


.162 


.478 


1. 093, 1. 252 


1.252 


1.092 


3ft 


3736. 49 


26755. 5 
















3ft 


3728. 03 


26816. 2 


btQi-zmi 














12c 


3726. 58 


26826. 7 


a sPi-z'Df 














6 


3725. 25 


26836. 2 


b »Di-f 3 F 2 














30ft 


3723. 44 


26849. 3 


&iDt-|MD] 


76,3 







.974 


(. 980) 


.968 


40/1 


3722. 548 


26855. 71 


6 3 D 3 -l/ 3 P 2 


1 


.195 





.916 


1.306 


1.501 


100 


3720. 456 


26870. 81 


6 3F 3 _ Z 3FS 


2 


.107 





1.582 


1.154 


1.261 


30c 


3719. 63 


26876. 8 


a 5p 3 _ Z 5D3 














300, V E 


3717. 06 


26895. 4 


b*F«-2*F] 


3 


.104 


.417 


1. 150, 1. 258 


1.154 


1.258 


50ft, .E 


3713. 72 


26919. 6 


biQi-zmi 














25/i 


3713. 356 


26922. 19 


dWi-vm 














100c, E 


3709. 29 


26951. 7 


atPi-z^Dl 














60c 


3707. 96 


26961. 4 


a*P 2 -z5D2 














3 


3701. 713 


27006. 86 


6 3 D 2 -Z 3 S! 














3 


3701. 44 


27008. 9 


C 3p 3 _ 2 ipj 














2 


3698. 79 


27028. 2 


c^Fi-v mi 














10ft 


3696. 68 


27043. 6 


a 3 H 4 -z 3 D3 














100 


3695. 90 


27049. 3 


6 3 P 2 -ziD 2 


3 


.166 


.333 


1.312,1.477 


1.478 


1.312 


10 


3694. 792 


27057. 45 


a'Hs-z 3 !! 














5 


3692. 178 


27076. 60 


& 3 D 2 -1/3F3 














30 


3691. 174 


27083. 97 


6 3P!-ziD 2 


1 


.196 





1.110 


1.502 


1.306 


3 


3689. 27 


27097. 9 


C»Fj-tC*FJ 














50ft 


3688. 187 


27105. 90 


a 3 G5— z 6 F5 














200c, V E 


3687. 968 


27107. 51 


b 3EU-2 3H6 


76,3 






1. 156± 


(1. 154) 


1.158 


4 


3684. 931 


27129. 86 


a3Q3- Z SF3 














10c 


3683. 02 


27143. 9 


a5Pi-z»D 2 


1 


1.000 





.465 


2.465 


1.465 


6 


3681. 690 


27153. 74 


a3F4-z*Gi 


2 







1.350 


(1. 230) 


1.254 


2 


3681. 57 


27154. 6 


C3F4-W 3 F4 














10ft 


3679. 61 


27169. 1 


3 BU-i/ 3 D3 


1 


.15 







(. 880) 


1.030 


40 


3678. 063 


27180. 51 


oiHs-ziG? 


1 


.08 





.66 


.98 


1.06 


15 


3676. 335 


27193. 29 


& 3 D 2 -!/ 3 P 2 














20ft 


3670. 05 


27239. 8 


6 3 H 5 -z 3 HS 














2 


3664. 467 


27281. 36 


a 3 G 3 -z 4 F4 














60ft 


3663. 751 


27286. 69 
















4 


3662. 73 


27294. 3 


aiFs-z'Fs 














300, v^; 


3659. 602 


27317. 62 


&3G 3 -Z 3 H4 


2 







.935 


(. 767) 


.809 


4 


3654. 270 


27357. 48 


d 3F4-5273 














8ft 


3652. 25 


27372. 6 


a 3 G 5 -z5D4 














200, V E 


3651. 182 


27380. 62 


a 3 F 2 -z 3 DJ 


2 


.296 





1.010 


.714 


.418 


3ft 


3648. 760 


27398. 8 
















6ft 


3645. 94 


27420. 


aSQ^zJFs 


1 


.315 







(1. 052) 


1.367 


20 


3641. 382 


27454. 30 


6 3 Po-2/ 5 Di 


7a 







1.386 


0/0 


1.386 


15 


3641. 293 


27454. 98 


6»Dj-y iPf 


1 


.144 





.839 


.983 


1.127 


30 


3639. 058 


27471. 84 


b 3 P 2 -y 5Dj 


2 


.09 





1.552 


1.482 


1.392 


15ft, E 


3637. 86 


27480. 9 


c 3 Pi-ziP! 














40 


3634. 489 


27506. 37 


/a 3 D 3 -z 3 F4 
\& 3 Pi-3/ 5 Di 














1ft 


3634. 03 


27509. 8 


c 3 Fj-m; 3F! 














5ft 


3633. 894 


27510. 88 


c 1G4-Z iGS 














100 


3633. 318 


27515. 24 


b 3 G 5 -z 3 H5 


3 


.144 


.720 




(1. 190) 


1.046 


4 


3633. 12 


27516.7 aiD 2 -z3FS 






« 
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Table 1. — Second spectrum of columbium (Cb n) — Continued 



Intensity 


X »ir A 


Wave 
No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 


Strongest 


Q\ 


01 


spark 


vac. 
cm -1 


ation 


type 


ration 


V 


n 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


30 


3629. 47 


27544. 4 


aWi-zm 


2 







1.280 


(0. 992) 


1.040 


2 


3628. 70 


27550. 2 


a«G3-z 8 D! 














40 


3628. 180 


27554. 20 


a iHs-w *FJ 


1 


0.100 





.584 


.984 


1.084 


3ft 


3622. 90 


27594. 4 


6 iDj-P *F1 














3ft 


3622. 49 


27597. 5 


6 »Dj-:r »F| 














6ft 


3620. 57 


27612. 1 


a*G4-z 8 D$ 














100c, V E 


3619. 729 


27618. 53 


bSQ\-zmi 


2 







1.06 


(1. 027) 


1.034 


200, V E 


3619. 514 


27620. 17 


a»Fs-z*D2 


1 







.933 


(1. 070) 


1.138 


4 


3618. 89 


27624. 9 


a*Pj-z*D? 














3ft 


3614. 88 


27655. 6 


6 *Dz-y »HJ 














4 


3613. 25 


27668. 1 


b iG4-y »D$ 














3 


3611.39 


27682. 3 


d *Fj-i/ »FJ 














6 


3609. 362 


27697. 86 


a mi-y mi 


2 


.133 







(. 992) 


1.125 


15 


3607. 01 


27715.9 


a»Hs-z»Fi 


1 


.276 







(1.050) 


1.326 


2ft 


3606.35 


27721. 


b *Dj-z *S5 














8ft 


3604. 66 


27734. 


b *Pi-x 3D5 














40 


3591. 197 


27837. 95 


a»He-z*F2 


1 


.19 





.21 


1.16 


1.35 


10ft 


3588. 02 


27862. 6 


C 3F,-zipf 














50ft 


3586. 75 


27872. 5 


b*Fi-zmi 


2 


.122 





1.506 


.896 


1.018 


3ft 


3584. 33 


27891. 3 
















4ft 


3580.98 


27917. 4 


fc'EU-ziHS 














2 


3578. 38 


27937. 7 


b »G<-y «DS 














10 


3574. 202 


27970. 32 


b sPi-y »D5 














30 


3568. 50 


28015.0 


a »Fj-z »D5 


3 


.431 


.859 


. 709, 1. 142 


.710 


1.141 


40ft 


3568.001 


28018. 93 


a mi-z «F2 














40ft 


3566. 10 


28033. 9 
















3ft 


3565. 68 


28037. 2 


a iFj-y »P5 














1 


3565. 23 


28040. 7 


c *Fj-i/ iQJ 














15ft 


3564.075 


28049. 79 


b 'Hj-z >HS 














4 


3561.88 


28067. 1 


b 'Gi-y 5 D3 














5 


3560. 47 


28078. 2 


a 1G4-Z J HJ 














6ft 


3559. 893 


28082. 74 


a»Pi-ziP! 














60 


3559. 592 


28085. 12 


a »H 5 -y »GJ 


2 







1.17 


(. 992) 


.95 


6A 


3554. 14 


28128. 2 


c »F s -z TO 














4 


3551. 102 


28152. 26 


b SH4-1/ J Q4 














4ft, V E? 


3548. 08 


28176. 2 


C SPj-J 3D! 














15ft 


3544. 346 


28205. 92 


c »Pi-z 3D5 














50 


3541. 247 


28230. 68 


3D*— z 1D2 














200, V E 


3540. 961 


28232. 88 


a 3F4— z 3D§ 


1 







.95 


(1. 230) 


1.323 


6h 


3539. 11 


28247. 6 


c 3Pj— x 3D! 














40, V E 


3537. 625 


28259. 50 


a 3p*-z 3D5 


3 


.312 


.621 


1. 145, 1. 458 


1.457 


1.145 


50 


3534. 215 


28286. 77 


C 3F4— X 3D§ 














20 


3534. 114 


28287. 58 


d *Fi—w 3Q1 














10ft 


3534. 05 


28288. 1 
















20 


3528. 890 


28329. 46 


b 3H S — y *G2 














30 


3528. 474 


28332. 79 


b 3H4— z »FS 


1 


.203 





.266 


.875 


1.078 


5 


3528. 09 


28335. 9 


6 3G 3 — y S DS 














8c 


3527. 024 


28344. 44 


d 3F4— w 3GS 














50ft 


3525. 986 


28352. 79 


c 3 Pj— «; 3 Dj 


1 


.157 





.986 


1.457 


1.300 


10ft 


3522. 368 


28381. 90 


6 iDa— 527S 














5ft 


3521. 599 


28388. 10 


6 3Ds— w 3F§ 














20ft 


3521. 14 


28391. 8 


c 3 F4— w 3 D§ 


1 







1.06 


(1. 240) 


1.30 


5ft 


3519. 66 


28403. 7 


6 3Da— w 3F§ 














150 


3517. 670 


28419. 81 


6 1G4— 2/ 3D I 


1 


.083 





.70 


.949 


1.032 


200c, V E 


3515. 421 


28437. 99 


a3Gj-z3GS 


lb 







.765 


.765 


.765 


20c 


3514. 02 


28449. 3 


b mi-y 3G5 














400, v^; 


3510. 262 


28479. 78 


6 3G 5 -z 3 Hg 


76,2 







1.118 


(1.19) 


1.18 


5c 


3505. 992 


28514. 47 


a3H*-z5FS 














15 


3501. 32 


28552. 5 


biGt-zm 


1 


.623 





.930 


.939 


1.562 


10ft 


3500. 74 


28557. 3 


c 3p 2 -500§ 














30c 


3499. 93 


28563. 9 


&3D 3 -ziG3 


1 


.228 





.401 


1.313 


1.085 


30c 


3496. 027 


28595. 75 


c *F4-500§ 


76 







1.24 


1.240 


1.240 


20 


3491. 896 


28629. 57 


6 3P?— 1/ 3DI 


3 


.25 


.50 


1.24, 1.49 


1.49 


1.24 


10 


3490. 418 


28641. 70 


c 3Fs~ J 3 D| 














90, V E 


3489. 093 


28652. 57 


a *F3— z 3 DI 


3 


.240 


.722 


1.068, 1.308 


1.068 


1.308 
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Table 1. — Second spectrum of columbium (Cb n)— Continued 



Intensity 


A air A 


Wave 
No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 
est 
P 


Strongest 






spark 


vac. 
cm-i 


nation 


type 


ration 


n 


Q 1 


3 


1 


2 


3 


4 


5 


6 


7 


8 


8 


10 


80 


3488. 81 


28654. 9 


C 3 F3-W*D°2 














10 


3484. 625 


28689. 31 


b 3Qi-y 3D§ 














so, v^: 


3484. 054 


28694. 01 


a3P!- 2 3D! 


3 


1.078 


1.078 


0. 416, 1. 495 


1.495 


0.416 


100 


3482. 953 


28703. 08 


6 iDj-y iFS 


2 







1.15 


(.98) 


1.04 


5ft 


3482. 52 


28706. 7 


a 3H4-Z *D2 














80 


3480. 213 


28725. 68 


6 3D 2 -v; 3 F5 


1 


.112 





.842 


1.178 


1.066 


150, V E 


3479. 567 


28731. 01 


a 3Q4-z 3 Q 4 


3 




.110 


1. 056± 


1. 042 


1.070 


100, V E 


3478. 79 


28737. 4 


a»G*-z*F1 


2 




0- 


.90 


(.765) 


.698 


6 


3476. 28 


28758. 2 


d 3Fa— v 3D! 


2 


.17 







.70 


(.53) 


25c 


3474. 68 


28771. 4 


b 3Po-z »Pi 














20 


3474. 004 


28777. 02 


aiG«-z3H! 


1 







.919 


(1. 083) 


1.050 


50 


3470. 27 


28808. 


aiPi-x3D5 


2 


.143 





1.404 


1.118 


1.261 


15c 


3468. 127 


28825. 78 


b m*-y 3Fi 














4c 


3461. 54 


28880. 6 
















15 


3459. 56 


28897. 2 











.997 






10 


3458. 728 


28904. 11 


b*Fi-ziDl 














4ft 


3457. 04 


28918. 2 


b 3H 5 -y «D? 














80 


3454. 910 


28936. 06 


c 3p,-a: 3P5 


3 


.11 


.22 


1. 36, 1. 47 


1.47 


1.36 


60 


3454. 708 


28937. 74 


6 3D3-W 3FJ 


1 


.213 





.470 


1.322 


1.109 


be 


3453. 96 


28944. 


a »Pa-z 3F5 














40 


3452. 350 


28957. 51 


6 3p 2 -j/ «DS 


3ws 


.13 


.26 


1. 34, 1. 47 


1.47 


1.34 


8A 


3452. 19 


28958. 9 


b m*-y 3F§ 














20 


3451. 640 


28963. 47 


c 3p 2 -z 3pf 


2 


.270 





1.746 


1.476 


1.206 


60 


3450. 766 


28970. 80 


b 3p -2/ 3D! 


7a 







.976 


0/0 


.976 


20 


3448. 674 


28988. 47 


b zPi-y 3D! 


2 


.498 





1.982 


1.484 


.986 


40 


3448. 221 


28992. 18 


o»Pi-y «DS 


1ms 


.17 


.18 


1.18 


1.52 


1.35 


5 


3446. 928 


29003. 06 


6 ms-y m 














60 


3444. 281 


29025. 44 


C 3 F4-J3Q§ 


l 







1.05 


(1. 240) 


1.20 


20 


3443. 737 


29029. 93 


c »Fj-z «D! 


1 


.134 





.540 


.674 


.808 


10c 


3441. 64 


29047. 6 


a 3F 2 -z 3D§ 


2 


.590 







(.712) 


1.302 


200, V E 


3440. 589 


29056. 50 


a3F4-z«F3 


1 







1.14 


(1. 230) 


1.260 


60, V E 


3439. 925 


29062. 10 


a 3F 3 -z m 


2 







1.116 


(1.070) 


1.047 


80 


3438. 41 


29074. 9 


fb m%-y 3QS 
\d3F 3 -w3G5 














60, E 


3436. 964 


29087. 14 


b *Gi-y 3D§ 


3//s 


.270 


.810 




(. 767) 


1.037 


20 


3436. 834 


29088. 24 


a3Q 3 -z3QJ 














2ft 


3435. 899 


29096. 15 


a 1G4-1/ 8 D5 














2ft 


3435. 583 


29098. 83 


iPi-4953 














3 


3433. 952 


29112.65 


C 3F4-X 3Q§ 














5ft 


3433. 747 


29114.39 


c 3 Fa-tt;3D5 














400, V E 


3432. 708 


29123. 20 


6 1Q4-Z ! HS 


2 







1.25 


(. 950) 


1.01 


4ft 


3431. 18 


29136. 2 


a ilo-z 3H8 














2ft 


3430. 912 


29138. 45 


a 8 Pi-ziS5 














250c, V E 


3426. 562 


29175. 44 


/a 3 a4-z»F3 
\a3H4-z3Q§ 














300c, V E 


3425. 432 


29185. 00 


a3Q 5 -z3G5 


3 




.19 


1.21± 


1.19 


1.23 


5c 


3423. 643 


29200. 31 
















10 


3422. 85 


29207. 1 


b ms-y 3GS 














5 


3422. 77 


29207. 8 


a »F4-z »F? 














3 


3421. 318 


29220. 15 


6 3Gs-z 8 Pi 














20c 


3421. 161 


29221. 49 


a8Ps-z3F! 














80, VE 


3420. 633 


29226. 00 


a 3Fa-z »F! 


2 


.590 





1.302 


.712 


.122 


2 


3417. 80 


29250.2 


a iPi-z 3D! 














5ft 


3417. 17 


29255. 6 


C3P,-X3PS 


7a 







1.20 


1.20 


0/0 


20 


3413. 209 


29289. 57 


3G 5 -ziHS 














150, V E 


3412.934 


29291. 93 


a3p 2 -z3D3 


1 


.143 





1.022 


1.451 


1.308 


10ft 


3412. 480 


29295. 82 


aiPi-u>3Di 














100, V E 


3409. 191 


29324. 09 


a3p -z«Di 


7a 







.423 


0/0 


.423 


100, V E 


3408. 678 


29328. 50 


asPt-zSDS 


1 


.357 





.788 


1.502 


1.145 


3ft 


3408. 53 


29329. 8 


c 3F 3 -:r 3P5 














10 


3407. 32 


29340. 2 


c spo-z »D! 


7a 







.817 


0/0 


.817 


10ft 


3406. 947 


29343. 41 











.998 
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Table 1. 


— Second spectrum of columbium (Cb n) 


— Continued 








Wave 








Strong- 








Intensity- 


X air A 


No. 


Term combi- 


Zeeman 


Sepa- 


est 


Strongest 






spark 


vac 
cm -1 


nation 


type 


raton 


P 


n 


Q l 


3 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


3ft 


3403. 49 


29373. 2 


6»Gi-z«P! 














2ft 


3402. 81 


29379. 1 


c *Fi-x 3QJ 














20 


3402. 02 


29385. 9 


c 3Po-w 3 Df 


7a 







0.613 


0/0 


0.613 


10 


3401. 231 


29392. 72 


&»a 4 -z»HS 


7ft 







1.067 


(1.027) 


1.035 


30, YE 


3399. 714 


29405. 83 


6 3p 2 _ 2 3pj 


2 


0.244 





1.732 


1.488 


1.244 


5ft 


3397. 516 


29424. 85 


a iH 8 — x 3Q5 














10ft 


3397. 319 


29426. 56 
















50ft 


3396. 365 


29434. 82 


C 3F3-X 3FJ 














15 


3395. 72 


29440. 4 


3Pi-ZSpj 


3 


.281 


.284 


1.224, 1.501 


1.503 


1.222 


60 


3394. 978 


29446. 85 


aiDj-ziDS 


3 


.297 


.602 


1.008, 1.302 


1.006 


1.305 


10 


3393. 810 


29456. 98 


a3Fj-z8F? 


3 


.314 


.628 




(.712) 


1.026 


4ft 


3392. 475 


29468. 57 


&3Dj-3/iGi 














9 


3391. 594 


29476. 23 


a 3F 3 - Z «F3 














30 


3389. 939 


29499. 32 


a 3Q 4 -2 3GS 


2 


.180 





1.960 


1.060 


1.240 


250, V E 


3386. 243 


29522. 81 


a3H5-z 3 G| 


1 







.962 


(1.050) 


1.072 


10c 


3383. 302 


29548. 47 
















40ft 


3382. 44 


29556. 


o 3Ds-x 3D5 














150 


3380. 934 


29569. 17 


6 3Q 5 -y3G| 


2 







1.40 


(M9) 


1.14 


60 


3379. 300 


29583. 46 


biG4-ziF§ 


1 


.140 





.515 


.935 


1.075 


9c 


3377. 375 


29600. 32 


b 3P!-Z *P5 














50 


3374. 252 


29627. 72 


a 3Fj-z «FJ 


2 


.253 





2.087 


1.075 


1.328 


20ft 


3374. 087 


29629. 17 
















120, YE 


3372. 565 


29642. 54 


a3Q 5 ~z3FJ 


1 







.86 


(1. 18) 


1.26 


30 


3370. 609 


29659. 74 


6«Pi-z*P| 


7a 







1.510 


1.510 


0/0 


50 


3370. 154 


29663. 74 


d3F 4 -tt> 3 G5 














100, V E 


3369. 155 


29672. 58 


b3Qi-y*Q* 


3 


.10 


.40 


1.07± 


1.02 


1.12 


100 


3365. 94 


29700. 9 


&3Di-ziP! 


3 


.244 







(.681) 


.925 


10 


3365. 883 


29701. 38 


a 3Pj_ 2 JF! 














100, V E 


3365. 594 


29703. 93 


rt 3F 4 -2«F5 


2 


.126 





1.864 


1.234 


1.360 


20ft 


3362. 17 


29734. 2 


c3F3-x 3 G 4 


2 







1.43 


(1.083) 


1.17 


100 


3360. 904 


29745. 38 


niFs-ziGI 


2 







1.293 


(1. 007) 


1.078 


2 


3357. 156 


29778. 60 


ami-x*Ql 














3/1 


3355. 92 


29789. 6 


c*F 2 -x*V$ 














1ft 


3355. 67 


29791.8 


&iD2-P 3 Di 














15, V^J 


3353. 509 


29810. 97 


a 3Dj-y «D2 


3 


.222 


.444 




(1.002) 


1.224 


5ft 


3352. 828 


29817. 03 


c3Fa-*3pi 














3ft 


3351.87 


29825. 5 


a 3H 4 -z 3 G 4 














3ft 


3350. 41 


29838. 5 
















100 


3349. 351 


29847. 98 


aiG 4 -|/3D5 


2 







1.18 


(1. 083) 


1.05 


15 


3348. 787 


29853. 01 


6 3GS-ziFs 














20 


3348. 28 


29857. 5 


aiPi-x'Po 


7a 







1.120 


1.120 


0/0 


30 


3346. 760 


29871. 09 


a 3F 2 -z«F§ 


2 


.555 





2.381 


.716 


1.271 


20c 


3346. 286 


29875. 32 


b mi-y 3H? 














8ft 


3344. 25 


29893. 5 


6 3D 2 -j3D5 














80 


3343. 967 


29896. 03 


a 3p 4 -Z«D3 


1 


.235 





.53 


1.235 


1.47 


6 


3343. 90 


29896. 6 


a 3 F 3 -z s D5 














5 


3343. 28 


29902. 2 


&3F 4 -z3Hs 














150, YE 


3341. 612 


29917. 10 


a 3Hb— z 3G! 


1 







.80 


(1. 157) 


1.23 


60d 


3340. 45 


29927. 5 


c 3Fj— x z Ql 


2 







1.05 


(.670) 


.80 


4ft 


3340. 18 


29929. 9 
















3 


3338. 38 


29946. 1 


a il«— z iHJ 














2ft 


3337. 20 


29956. 7 


a 3Q 4 — z 3F 4 














5c 


3335. 669 


29970. 40 


a 3F 4 — z 8D? 














10c 


3335. 244 


29974. 22 


a 3F 2 — z »D! 


1 


.73 








.73 


1.46 


8 


3334. 82 


29978. 


b 3Pj— y 3D§ 














8c 


3334. 529 


29980. 65 


aiQi—ztpi 














20ft 


3329. 16 


30029. 
















3ft 


3327. 246 


30046. 28 


d 3Fj— x iFJ 














7, E 


3326. 54 


30052. 7 


b mi—y 3HJ 














20ft 


3325. 436 


30062. 63 
















4ft 


3325. 21 


30064. 7 


c 3F 8 — y 'D5 














50 


3324. 661 


30069. 63 


ft 3D 3 — x 3D§ 


3 






1.300 


(1. 312) 


1.288 


30 


3324. 555 


30070. 60 


6 3Gs— y 3G 4 


2 


.358 





2.201 


.769 


1.127 


30 


3323. 900 


30076. 52 


ft iG 4 — y 3F? 


3 


.155 


.622 




(.950) 


1.105 


3ft 


3323. 22 


30082. 7 


ft 3D3— w 3 D? 
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Table 1. — Second spectrum of columbium (Cb n) 


— Continued 


02 


Intensity 


X air A 


Wav 
No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 
est 
V 


Strongest 


0i 


spark 


vac. 

cm -1 


nation 


type 


ration 


n 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


80 


3320. 808 


30104. 52 


6 8G3— V 3 FS 


7b, 2 







0.786 


(.767) 


0.757 


2 


3320. 56 


30106. 8 


d 3 Fa— x »FJ 














1 


3320. 124 


30110.72 


6 *Pj— z «PI 














100, V E 


3319. 590 


30115.58 


a 3 P»— z «P$ 


1 


0.183 





.895 


1.444 


1.261 


10c, V E 


3319. 22 


30118.9 


*¥i— w 3 FS 














5 


3318. 29 


30127. 4 


c 3 Po— x 3 P! 














1 


3317. 04 


30138. 7 


3Da— y *D5 














15 


3316. 61 


30142. 6 


c spr- y iD3 


1 


.242 





.721 


1. 206 


.964 


2 


3313. 64 


30169. 6 


a 3 Da— y 3 D! 














4 


3313.41 


30171. 7 


a 3 Di— y 3 D5 














3ft 


3313.08 


30174. 7 


6 3 Dt— w 3 D5 














20/1 


3310. 67 


30196. 7 


6 3 F»— y *D5 














5 


3309. 26 


30209. 6 


b 1O4— y 3 Fi 














70 


3305. 608 


30242. 95 


b *Qi—y 3 F? 


2 







1.45 


(1. 19) 


1.12 


40 


3304. 71 


30251. 2 


b 3 Gj— z iFS 


3 


.330 


.990 




(.767) 


1.097 


50 


3303. 323 


30263. 86 


b 3 Pa— z 3 PS 


3 


.224 


.448 


1.261,1.482 


1.482 


1.261 


10 


3302. 619 


30270. 32 


a 3 H4— z 3 F§ 


1 


.267 







(.825) 


1.092 


3 


3301. 96 


30276. 4 


c 3 P»— y iP! 














40 


3301. 498 


30280. 59 


b 1G4— y 3 G$ 


2 


.216 





2.050 


.970 


1.186 


6ft 


3300. 33 


30291. 3 


(a 3 Fj— y 8 D5 
[a 3 H 5 — z *Gl 














50, E 


3299. 57 


30298. 3 


a 3 Pi— z 3 P3 














15 


3297. 673 


30315. 71 


a 3 F 3 — z *T>\ 














20 


3297. 055 


30321. 40 


a sFs— z «G5 


2 


.899 





3.043 


1.245 


.346 


20 


3295. 506 


30335. 65 


b 3 Da— x 3 D! 


2 


.34 







(1. 171) 


.83 


150 


3294. 367 


30346. 14 


6 3 G4-l/ 3 F| 


3 




.32 


1.07sfc 


(1. 027) 


1.11 


10c 


3292. 365 


30364. 58 


a 3 F 4 — z 3 G§ 


2 


.46 





2.59 


1.21 


.75 


200, V E 


3292. 020 


30367. 77 


6 3 G 3 — y J GS 


3 


.254 


.770 


.760,1.014 


.765 


1.019 


30 


3291.055 


30376. 68 


a«F4-z*G3 


2 


.433 





2.650 


1.351 


.918 


3 


3290. 55 


30381. 3 


6 3 D 3 -u; 3 D! 














10 


3289. 551 


30390. 56 


a 3 F3-z«DS 


2 


.407 







(1. 070) 


1.477 


3 


3287. 75 


30407. 2 


/a 3 Da-y S D5 
\b 3 Dj-j 3 D§ 














5 


3286. 81 


30415. 9 


c 3Pj-t; »Fj 














40 


3286. 340 


30420. 25 


3 D 3 -u> 3 D2 


76 







1.167 


(1. 171) 


1. 163 


30c 


3285. 70 


30426. 2 


& 3 Di-i 3 D2 














400, V E 


3283. 463 


30446. 91 


6 3 G 6 -j/ 3 G5 


3 






1.175 


(1. 19) 


1.16 


2ft 


3281. 62 


30464. 


c»F4-f 3 F§ 














80/i 


3279. 979 


30479. 25 


b*Qi-y*Fl 














4 


3279. 43 


30484. 4 


6 3 Fj-i/3D3 














20c, V E 


3279. 248 


30486. 04 


a 6F5-Z *GJ 














4 


3277. 77 


30499. 8 


a 3 Di-i/iD2 














3 


3277. 30 


30504. 2 
















6 


3276. 43 


30512.3 


6 3 Dj-m; 3 D§ 


2 


.144 







(1. 171) 


1.315 


30 


3274. 796 


30527. 48 
















15 


3273. 888 


30535. 95 


a 3 P 2 -z«D3 


76 







1.46 


1.45 


1.47 


20 


3273. 511 


30539. 47 


a 3 Pi-z«Fi 


3 




1.38 


1.48 


(1. 504) 


.12 


10 


3272. 350 


30550. 30 


& 3 G4-i/ 3 GS 














100 


3272. 224 


30551. 48 


0104-2^5 


1 







.73 


(1. 083) 


1.012 


2ft 


3270. 93 


30563. 6 


a 3 D 3 -y 5 D5 














20 


3269. 125 


30580. 44 


6 3 Pi-l/ 3 P§ 


7a 







1.504 


1.504 


0/0 


30 


3267. 684 


30593. 92 


a 3 H 4 -z 3 G! 


2 


.403 





2.854 


.839 


1.242 


80c 


3266.11 


30608. 7 
















300, V E 


3263. 365 


30634. 41 


a iHj-2 il« 


76,2 







1.030 


(. 992) 


1.00 


6 


3262. 56 


30642. 
















60 


3261. 702 


30650. 03 


aiFj-yiGJ 


1 







.79 


(1. 007) 


.95 


350c V E 


3260. 564 


30660. 73 


6 3 H 4 -z 3 IS 


2 







.86 


(. 880) 


.877 


2 


3256. 75 


30696. 6 


& 3 P5-*/ 3 P! 














1ft 


3255. 80 


30705. 6 


& 3 H»-z3i$ 














5ft 


3255. 27 


30710. 6 


ff 3Fj-z5D§ 














25 


3254. 888 


30714. 19 


&3P a -y3pf 


1 


.285 





1.18 


1.485 


1.745 


200r, V E 


3254. 070 


30721. 91 


a*F2-z«G5 


3 


.655 


1. 306 


335, .995 


.993 


.338 


1 


3253. 16 


30730. 5 


6JG 4 -a: 3 Fi 














10 


3252. 430 


30737. 41 


a»Fi-2 3 D3 


1 


.25 





.50 


1.00 


1.25 


50 


3251. 260 


30748. 47 


6 3 Pi-I/ 3 P! 














40 


3250. 27 


30757. 8 


6 3D,-x»P3 


1 







1.23 


(1. 312) 


1.35 


80, V E 


3248. 941 


30770. 41 


a»Pi-z*Fi 


1 


.458 





.565 


1.481 


1.023 


64409 


S— 45— 2 
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Intensity 
spark 


A air A 


Wave 
No. 
vac. 
cm -1 


Term combi- 
nation 


Zeeman 
type 


Sepa- 
ration 


Strong- 
est 
V 


Strongest 
n 


Q\ 


Qi 


1 


2 


3 


4 


5 


6 


7 


8 


8 


10 


150c, V E 
6 
5 

30 
6 


3247. 478 
3246. 69 
3245. 07 
3244. 515 
3243. 83 


30784. 28 
30791. 7 
30807. 1 
30812. 39 
30818. 9 


C 3F 4 -c3F| 
c 3 F3-t> 3 F§ 


3 


0.494 


0.996 


0. 850, 1. 338 


0.846 


1.340 


40 

8 
40 

3 

2ft 


3242. 532 
3242. 423 
3241.818 
3241. 29 
3239. 23 


30831. 23 
30832. 27 
3083S. 02 
30843. 
30862. 7 


a 3 D 3 — j/ 5 D 3 
bms-zW 

6 3 F 2 -J/ 3 D! 

6 SDj-z 3 F| 


3 
3 


.188 


.16 
.94 


1.10± 


1.08 
(1. 052) 


1.12 
.864 


80c, V E 
60 
300r, V E 

2ft 

5ft 


3238. 020 
3237. 690 
3236. 403 
3235. 78 
3232. 79 


30874. 19 
30877. 34 
30889. 62 
30895. 6 
30924. 1 


b 3 G 3 -i/ «F1 
c «F3-z JQa 
b 3Ds-x 8 G$ 


3 
3 


.36 
.328 


1.10 
.984 


. 921, 1. 246 


(. 767) 
1.248 


1.13 
.920 


40 

100, V E 
6 
6 
6 


3230. 243 
3229. 567 
3228. 953 
3228. 47 
3227. 69 


30948. 52 
30955. 00 
30960. 88 
30965. 5 
30973.0 


b 3 F 3 -y 3 D§ 
a 3 P 2 -z 5 D 3 
b m t -z iQl 

b 3 F4-y 3 D 3 


3 

76 
1 


.107 


.34 





1.033, 1.138 
1.465 
.956 


1.140 
1.465 
(1.052) 


1.033 
1.465 
1.076 


500c R, V E 
100, V E 
50 

8c 

4ft 


3225. 478. 
3223. 332 
3222. 065 
3221. 655 
3220. 48 


30994. 24 
31014.87 
31027. 07 
31031.02 
31042. 3 


a 5 Fi-z5Q2 
a 3 Fi-z 3 G3 
a iDj-y 3 D§ 

b m*-y mi 

C 3 P2-y 3 Sl 


2 
3 
3 


.36 

.156 

.220 



.627 
.432 


.72 
1.076.1.234 
1. 002. 1. 226 


0.000 
1. 233 
1.004 


.36 
1.077 
1.224 


2 
3ft 

60c 
2 
6 


3219. 55 
3218. 98 
3217. 00 
3216. 47 
3216. 193 


31051. 3 
31056.8 
31075. 9 
31081.0 
31083. 71 


a 3 H<-z 3 F! 
a «Pi-z ID! 

b m 6 -y 3 Hs 

b 3 F 2 — y *D§ 
a 3 F 3 -z 3 F2 


2 


.38 





1.84 


1.08 


.70 


300cr, V E 

5ft 

3 

10 
20 


3215. 595 
3215. 00 
3213.91 
3212. 14 
3211.814 


31089. 49 
31095. 2 
31105.8 
31122.9 
31126. 09 


a »F 4 — z «OI 
b 3 D 2 -ar 3 P5 
a 3 Pi-z'D5 
b 3Da-r 3 P! 
b iGi-y 3 H! 


3 

76,1 
76,3 


.199 


.792 





1.145, 1.346 

1.151 
.954 


1.349 

(1. 171} 
(. 950) 


1.150 

1.191 
.958 


2ft 
3ft 
4 

40c 
3 


3211.63 
3211.40 
3210. 20 
3208. 585 
3208. 409 


31127. 9 
31130.1 
31141.7 
31157. 41 
31159. 12 


a iGi-y 3 G 3 
c 3 F 2 -y IP! 
6 3 P 2 -z »FI 
b mi-w 3 F3 
a 3 D 2 -i/ 3 D§ 


1 
3 


.383 
.23 




.91 


.330 

.87, 1.10 


1.479 

.87 


1.096 
1.10 


8 

2 
20 

300ra, V E 
100c 


3208. 10 
3207. 56 
3207. 341 
3206. 350 
3204. 973 


31162. 1 
31167.4 
31169.50 
31179. 14 
31192.53 


c 3 F 3 -fl 3 FI 
a 3D,-z 3 P5 
a 3 Po-z 5 F? 
a 3 F 2 -z 3 G3 
b 3 H«-2 3 Ig 


la 
2 
3 


.11 




.66 


.135 
.87 
1.10± 


0/0 

(.712) 

1.155 


.135 
.765 
1.045 


150 
10ft 
3 

1 
1 


3203. 357 
3203. 148 
3201. 66 
3200. 78 
3200. 69 


31208. 26 
31210. 30 
31224. 8 

31233. 4 

31234. 3 


b m 6 -y mi 

b 3 D 2 -:r 3 G§ 
b 3 F 3 -z 3 P 2 ° 


3 




.06 


1.04± 


1.05 


1.03 


3ft 
4ft 

20 

20ft 
3 


3200. 24 
3199. 88 
3198. 227 
3197. 28 
3196. 17 


31238. 7 
31242. 2 
31258.32 
31267. 6 
31278. 4 


c 3 F4-5275 
b 3 P 2 -y 3 Gs 

c 3 Fj-p 3 F§ 


1 


.459 





.101 


1.478 


1.019 


2 

5 
700/?, V E 
30c 
3 


3195. 96 
3195. 216 
3194. 983 
3194. 27 
3193. 47 


31280. 5 
31287. 77 
31290. 06 
31297. 
31304. 9 


b 3 F 3 -y «D1 

a 3p t _ 2 5Df 

a «F 2 -z SG 3 ° 
a 5 P 2 -# «Dt 
b 3 F4-j/ «DS 


1 
2 


.083 
.435 






.742 
2.258 


.991 
1.823 


.908 
1.388 


2 
3 

250, V E 
200c V E 
6 


3192. 39 
3192. 16 
3191.427 
3191. 096 
3190. 44 


31315.5 
31317. 7 
31325. 45 
31328. 17 
31334. 6 


c 3 F 4 -jf mi 
aiSo-ziPf 
6 3 H 5 -z3Ig 
a«F 5 -z6Ql 
b mi-w 3 FS 


76,2 
3 


.16 




.80 


1.057 
1.31± 


(1. 052) 
1.39 


1.062 
1.23 
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Table 1.- 


— Second spectrum c 


/ columbium (Cb 11) 


— Continued 




Intensity 
spark 


X air A 


Wave 
No. 
vac. 
cm -1 


Term combi- 
nation 


Zeeman 
type 


Sepa- 
ration 


Strong- 
est 
V 


Strongest 
n 


0i 


Qi 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


180c, V E 
4 
4 
2 
2 


3189. 288 
3188. 85 
3188. 36 
3185. 23 
3184. 94 


31345. 93 
31350. 2 
31355.0 
31385. 9 
31388. 7 


6 3 H6-t/ TO 
a iPi-y iPi 
a iD 2 -y 5 D2 
a 1D2-I/ 3 D! 
6 1D2-Z iD! 


3 

76 
3 


0.333 


0.18 

.666 


1. 146± 
1.11 


1.16 
1.11 
(1.003) 


1.13 
1.11 
1. 336 


150 
40 
400, V E 

8 

6 


3184. 229 
3181.403 
3180.290 
3179. 242 
3177. 766 


31395. 72 
31423.61 
31434.61 
31444. 97 

31459. 58 


b 3G4-3/ TO 
a *P»-2*Gi 

a 3F $ - Z 3G5 
a 3Do-z SPS 
a 3F*-z IF! 


3 
1 

76,2 

3 

2 


.69 

.25 
.140 


.24 



.50 



.99± 
.63 

1.085 
1. 01, 1. 26 

1.650 


1.02 
1.44 
(1.070) 
1.01 
1.230 


.96 
.75 
1.074 
1.26 
1.090 


2 

4 

150, V E 


3177. 41 
3176. 14 

3175.86 


31463. 1 
31475. 7 

31478. 5 


a 3Q 3 -z 1D2 

b 3Di-:r spg 
fa3F 2 -2 3 F2 
\b 3H5-2/ TO 

a 5 Pi— y 8 D! 

a iPi-t> 3F5 














50, V E 
1 


3175.76 
3174. 73 


31479. 4 
31489. 7 


3 


1.105 


1.10 


1. 37, 2. 48 


2.48 


1.37 


6ft 
150 
1 

3A 
1 


3174. 44 
3173. 205 
3167. 96 
3167. 32 
3165. 24 


31492. 5 
31504. 79 
31557.0 
31563.3 
31584. 1 


&3D3-1/ID2 
a »G4-l/ 3 F< 

C »Fl-!0 »P! 

c 3F 4 -y IF! 
a 3D 3 -l/ 3 D§ 


3 




.110 


1. 094± 


1.080 


1.108 


1000/2, V # 
10 

4 

4c 
15 


3163. 403 
3163. 149 
3161. 56 
3161. 244 
3159.855 


31602. 41 
31604.95 
31620. 8 
31624.00 
31637. 89 


a 6 F 3 -z5G! 
a 3 Pl _ 2 5Dl 
d sPo-u 3 D! 
a 1D2-2/ 5 D» 
a 1G4-1/ 8 FS 


1 

76,1 

7a 

1 


.107 









. .834 
1.46 
.645 

.99 


1.262 

1.49 

0/0 

(1. 083) 


1.155 

1.48 
.645 

1.113 


10 
3 

30 
150c 
10 


3158. 104 
3156.00 
3155. 599 
3154. 820 
3153. 851 


31655. 43 
31676. 5 
31680.56 
31688. 38 
31698. 12 


3Di-:r sp? 
&3F4-z»Hs 
6 3P -z3Si 
b 3H4-2/ J G| 
6'P 2 -z3Si 


3 

7a 

3 

1 


.525 
.34 


.526 



.23 



.675, 1.198 

1.824 

.92 =fc 
1.13 


.675 

0/0 
.89 
1.47 


1.200 

1.824 
.95 
1.81 


ih 

70 
200 
50 
30 


3153. 38 
3152. 785 
3152. 160 
3150. 409 
3146. 92 


31702. 9 
31708. 84 
31715. 12 
31732. 75 
31767. 9 


d*Fi-u3T)°2 

aWi-ymi 
fisPi-e'SI 
b 3p 2 -if »F! 


2 
3 
3 
1 


.319 
.355 



.15 
.319 




1.51 
1. 003± 
1.508, 1. 827 
.415 


(1. 083) 
(. 992) 
1.508 
1.480 


1.17 
1.014 
1.827 
1.125 


600rs, V E 

60 

4 

3 

100c 


3145. 405 
3144. 353 
3143.41 
3143. 17 
3142. 26 


31783. 23 
31793. 87 
31803. 4 
31805.8 
31815. 


a3F4-z3GS 
b *Q 3 -y »HJ 
aiD 2 -z3pj 
a3Di-zsp§ 


76 
2 


.194 






1.23 
1.554 


(1. 230) 
.778 


1.230 
.972 


4 

100 

2/» 

3 

30 


3140. 97 
3140. 506 
3137. 98 
3137. 27 
3135. 920 


31828. 1 
31832. 81 
31858. 4 
31865. 6 
31879. 36 


d3p,_ W 3DI 

&sf 2 -2/3D§ 
&iGi-»*Fi 

oSHs-l/'G! 

a 3F 3 - 2 3F§ 


2 
3 


.181 



.055 


1.400 
1.082 


.857 
1.073 


1.038 
1.091 


25 
40 
60 
4 
10 


3135. 409 
3134. 342 
3132. 767 
3132. 140 
3132. 015 


31884. 55 
31895. 41 
31911.44 
31917. 83 
31919. 11 


6 3p 2 -y sp§ 
a 3D 2 -|/ 3 Pf 

61G4-Z3I5 

o3p -zSDi 
6 spj-j/ 3P3 


3 

1 
1 

7a 
76,2 


.770 


.045 






1.496 
.239 
.53 
1.45 
1.52 


1.485 
1.009 
(. 950) 

0/0 
(1. 504) 


1.507 
1.779 
.87 
1.45 
1.51 


1500c/?, V J5 
60 
10c 
20 
500, V E 


3130. 780 
3129. 65 
312S. 92 
3128. 372 
3127. 526 


31931. 70 
31943.2 
31950. 7 
31956. 27 
31964. 92 


a*F 4 -z 5 G§ 
a *Pi— y «Do 
a 5Ps— y 3 D| 
6 »Fr-» 3 GS 
&3H 8 -z3I? 


1 
7a 

3 
2 







.109 



.86 
2.470 

1.13± 
1.124 


(1. 350) 
2.470 

1.14 
(1. 154) 


1.25 
0/0 

1.12 
1.150 


10 
6c 
10c 
20 
15 


3125. 892 
3119.48 
3116. 57 
3115. 533 
3115. 16 


31981. 62 
32047. 4 
32077. 3 
32087. 96 
32091. 8 


aiF a -x3G§ 
a 3Di-y 3P5 


7a 







.506 


.506 


0/0 
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Table 1. — Second spectrum of columbium (Cb u) — Continued 



Intensity- 




Wave 
No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 
est 
V 


Strongest 






spark 




vac. 
cm-i 


nation 


type 


ration 


n 


Q\ 


0i 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


30 


3113. 17 


32112. 3 


b*Fi-zm 


3 




0.16 


1.120 


1.146 


1.094 


5 


3111.63 


32128. 2 


6 3G 4 — iy 3F| 














20 


3110. 800 


32136. 78 


3F 4 -ziF3 


2 







1.29 


(1. 15) 


1.10 


80 


3106. 980 


32176. 29 


a 3 Dj-y 3 F2 


3 


0.268 


.540 


.738, 1.003 


1.004 


.735 


10 


3106. 520 


32181. 05 


b*Gi-zm 














2 


3104. 62 


32200. 7 


bSQi-ziQl 














8 


3104. 27 


32204. 4 


b*Gs-w*F2 


2 







1.01 


(. 767) 


.64 


4 


3103. 26 


32214. 9 


rf3p 2 _ M 3D5 














20 


3101.918 


32228. 80 


b*Fz-y3Q°z 


3 


.13 


.39 




(1. 150) 


1.02 


20 


3100. 79 


32240. 5 


a *Fi—z 3 FS 


3 




.09 


1.246 


1.233 


1.259 


50 


3100. 25 


32246. 1 
















100, V E 


3099. 180 


32257. 27 


a 5Fj-2 3 D! 


2 


.579 





1.578 


.999 


.420 


10 


3098. 47 


32264. 7 


a3G 4 -2»H? 


3 


.24 


.96 




(1. 052) 


.81 


60c 


3097. 115 


32278. 76 


a «P3— y 5 D5 


2 


.314 





2.290 


1.662 


1.348 


2000ci?, V E 


3094. 172 


32309. 47 


a 5F»-z *G| 


1 







.90 


(1.39) 


(1.31) 


6 


3092. 89 


32322. 9 


a 3D 2 -2iF3 









1.23 


(1. 002) 


1.08 


3 


3089. 110 


32362. 42 


b*T>i-y 1D2 


2 


.290 







(. 681) 


.971 


90 


3087. 860 


32375. 52 


a iDj-y 3DS 


76,2 







1.053 


(1. 003) 


1.028 


20/i 


3086.09 


32394. 1 


d 3F 2 -w 3FS 


3 


.29 


.58 




(. 70) 


.99 


2 


3084. 760 


32408. 05 


b iQi-w 3 F< 














50 


3084. 369 


32412. 16 


o 3 P 2 -z«S5 


3 


.465 


.936 


1.480, 1.943 


1.480 


1.945 


30c 


3083. 32 


32423. 2 


d 3 P 2 -« 3 D§ 














40 


3081. 77 


32439. 5 


a 3 D2-y 3 Q§ 


2 







1.034 


(1. 002) 


1.013 


8 


3081. 09 


32446. 7 


&3p,_2 5S§ 














100 


3080. 345 


32454. 50 


a *P2-2/ 3 D5 


2 


.587 


1.176 


1.223, 1.808 


1.810 


1.223 


10 


3077. 44 


32485. 1 


a iSo-s 3 D! 


7a 







.83 


0/0 


.83 


200 


3076. 864 


32491. 21 


a5F 3 -z 3 D2 


1 







1.478 


(1. 248) 


1.133 


lh 


3076. 23 


32497. 9 


c 3 P2-» 3 D| 














10 


3075. 250 


32508. 27 


a 1D2-2 «P§ 


2 


.562 





2.690 


1.004 


1.566 


5 


3074. 27 


32518. 6 


a 3 P 2 -z3F$ 


1 


.360 





.36 


1.44 


1.08 


50 


3073. 232 


32529. 61 


a*Fi-z 3 DJ 


3 


.418 


.418 


0.00, .417 


0.000 


.418 


60 


3072. 502 


32537. 34 


a 3 Di-i/ 3 F2 


2 


.23 





.96 


.50 


.73 


10 


3072. 18 


32540. 7 
















90c 


3071. 55 


32547.4 


a «P3-l/ 5 D§ 














40 


3071. 18 


32551.*3 


6 3 Q 4 -|/ 3H| 














80 


3070. 893 


32554. 39 


a iQi-y 3 H5 














100 


3069. 68 


32567. 2 


a 3 D 3 -2/ 3 G? 


1 


.132 





.730 


1.258 


1.126 


5 


3069. 51 


32569. 


6 3 F 2 -2/ 3 PI 














5 


3068. 93 


32575. 2 


b 3 D 2 -y 3 F5 














20 


3068. 06 


32584. 4 


b 3 D2-0 3 F3 









.97 


(1. 171) 


1.10 


20 


3067. 523 


32590. 15 


b 3 D 3 -*> 3 FI 


1 







1.14 


(1. 312) 


1.28 


4 


3066. 49 


32601. 1 


a 3 D 3 -y 3 F5 














60 


3066. 09 


32605. 4 


6 3 F 3 -I/ 3 FI 


1 







1.04 


(1. 150) 


1.12 


100c 


3065. 26 


32614. 2 


a «P 2 -z «P! 


1 


.44 





1.38 


1.82 


2.26 


250r 


3064. 530 


32621. 98 


a 3 G 3 — z 3 H5 


2 







.87 


(.765) 


.80 


120 


3063. 782 


32629. 94 


6 3 F4 _y 3FI 


3 




.19 


1.07± 


1.05 


1.10 


40 


3063. 126 


32636. 93 


a & Pi-y 3 D5 


1 


1.238 








2.476 


1.238 


10 


3061. 95 


32649. 5 


a 3 G5-z 3 HI 


3 


.136 


.744 




(1. 180) 


1.044 


5 


3061. 408 


32655. 25 
















4 


3060. 844 


32661. 26 


fc 3 P2-t> 3 Di 

\fllD2-Z 3 P2 














20 


3059. 294 


32677. 81 


b 3 G4-wj 3 F? 


3 




.26 


1.06± 


1.03 


1.09 


3 


3058. 62 


32685. 
















12 


3057. 03 


32702. 


&3G3-Z1G2 


2 


.325 







(. 767) 


1.092 


200 


3055. 520 


32718. 17 


6 3G 5 -y 3 He 


1 







.90 


(1. 19) 


1.14 


90 


3053. 631 


32738. 41 


6 3 F 3 -y 3 FI 


3 




.08 


1.138 


1.152 


1.124 


15 


3051. 34 


32763. 


6 3 F4-y 3 F§ 









1.22 


(1. 152) 


1.13 


40c 


3049. 528 


32782. 45 


a 5 P 2 -i/ S D5 


3 


.47 


.93 


1.37, 1.84 


1.83 


1.36 


5 


3048. 63 


32792. 1 


a 3 Pi-z 3 F5 














80c 


3048. 21 


32796. 6 


a«Pi-z«P! 


3 


.20 


.20 


2.26, 2.46 


2.46 


2.26 


6/» 


3046. 67 


32813. 2 


a »P 2 -I/ 3 D? 
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Intensity 


X air A 


Wave 
No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 
est 
V 


Strongest 






spark 


vac. 


nation 


type 


ration 


n 


Q 1 


3 






cm -1 














1 


2 


3 


4 


5 


6 


7 


8 


8 


10 


150 


3044. 749 


32833. 90 


&3F4-l/ 3 G$ 


2 







1.193 


(1. 152) 


1.160 


10 


3043. 272 


32849. 84 


6 »Fa-y 3 F5 


3 


0.11 


0.22 


.78 


.84 


.73 


15 


3042. 790 


32855. 04 


&3F3-1/3P5 


1 


.362 





.430 


1.154 


1.516 


10c 


3041. 98 


32863. 8 


a *V a - x 3FS 














4 


3040. 54 


32879. 4 


3 D 2 -2 3S! 














150c 


3039. 818 


32887. 16 


a «P 8 — z *P5 


1 







1.60 


(1. 663) 


1.70 


10 


3039. 398 


32891. 71 


a sF a - 2 3D5 


3 


.141 


.284 


. 992, 1. 133 


.992 


1.133 


200cJ? 


3034. 95 


32939. 9 


6»Gi-yiQJ 


lb 







.950 


.950 


.950 


4 


3033. 47 


32956. 


C 3F 4 -m;3GS 














400rs 


3032. 767 


32963. 62 


atGi-zmi 


1 







1.008 


(1. 052) 


1.043 


20 


3029. 86 


32995. 2 


a»Pi-i/3D! 


3 


1.490 


1.490 


.983 


2.473 


.983 


60 


3029. 76 


32996. 3 


ftiFs-ziFi 


2 


.24 





1.57 


.85 


1.09 


10 


3028. 76 


33007. 2 


c 3F 3 -tf 3D| 














300c 


3028. 436 


33010. 76 


a*F 4 -z3D5 


1 







1.37 


(1. 350) 


1.34 


2h 


3026. 80 


33028. 6 


&3H 4 -Z3G$ 














40 


3025. 372 


33044. 19 


c*Fi-w*Q°3 


2 


.205 





1.282 


.667 


.872 


250 


3024. 735 


33051. 15 


a «P 3 -l/ «DI 


1 


.368 





.706 


1.810 


1.442 


10 


3024. 258 


33056. 36 


a mt-z m\ 














200 


3022. 738 


33072. 99 


6 3H fl -:r 3 HS 


1 







1.06 


(1. 154) 


1.173 


5 


3022. 48 


33075. 8 


6 3Q,-w; 3F5 














8 


3021. 885 


33082. 31 


b m*-x »F5 














3 


3019. 780 


33105. 38 


&3G5-1/1GS 














8 


3019. 57 


33107. 7 


&3D,-p3F5 














3 


3019. 20 


33111.7 


aiD 2 -i/ 3 P! 














6 


3019. 07 


33113. 2 


3F 2 -y3G5 














100 


3018. 853 


33115.54 


b 3H 4 -x 3 GS 


2 







1.09 


(. 880) 


.810 


7 


3018. 31 


33121. 5 
















2 


3016. 19 


33144. 8 


d3F4- w 3F$ 














20 


3015. 82 


33148. 8 


4 3F a -u 3FS 














30 


3015. 02 


33157. 6 
















15 


3014. 438 


33164. 04 


a *Fi-2 3D5 


2 


1.140 





2.276 


0.000 


1.136 


3 


3013. 62 


33173. 1 
















25 


3010. 685 


33205. 38 


b 3H 8 -:r »G8 


3 


.14 


.70 


1.12± 


1.05 


1.19 


20 


3010. 38 


33208. 7 


b*Gi-y iG5 


3 




.28 


.990± 


1.025 


.955 


7 


3008. 97 


33224. 3 


a 3Di-j 3F5 














20c 


3008. 39 


33230. 7 


a sp 2 _ 2 3pj 


2 


.59 





2.39 


1.80 


1.21 


4 


3007. 488 


33240. 68 


a3D!-2 3St 














00 


3005. 764 


33259. 75 


6 3H8-Z3F4 


1 







.40 


(1.052) 


1.215 


10 


3004. 65 


33272. 1 


a iSo-s »P1 


7a 







1.202 


0/0 


1.202 


Zh 


3003. 75 


33282. 
















2/» 


3003. 16 


33288. 6 


a 3Dj-j:3F5 














40 


3002. 204 


33299. 18 


a*Pi-y 3 Dl 


3 


.630 


1.886 


1. 035, 1. 666 


1.666 


1.035 


150 


3001. 85 


33303. 1 
















50 


3001. 125 


33311. 16 


c *Fi-w; 3GJ 


2 







1.025 


(1.080) 


1. 066 


Ah 


2998. 87 
2998. 56 
2997. 947 


33336. 2 
33339. 6 
33346. 46 


aiGi-zm 
b »Di— y »F| 
















2997. 48 


33351. 7 


C 3F2-0 3DS 


2 


.52 







(.670) 


1.19 




2997. 14 


33355. 4 


a iHs-io 3 GJ 
















2996. 79 


33359. 3 


a3H4-2 3 HS 


76,3 







.818 


(.825) 


.811 




2995. 49 


33373.8 


a 3D 3 -i/ 3F§ 














300c 


2994. 725 


33382.34 


a«F 5 -2 5F4 


2 







1.60 


(1.39) 


1.34 


20c 


2993. 97 


33390. 8 


a «Pj-2 6PS 














20 


2993. 806 


33392. 59 


a »Dt— y 3 F2 














80 


2991. 956 


33413. 23 


a»Pi-2 3pi 


3 


1.261 


1.260 


1. 225, 2. 487 


2.486 


1.225 


6 


2991. 43 


33419. 1 


a »F»— » 3 F2 














200c 


2990. 28 


33432.0 


a jp 3 - 2 5p§ 


3 




.24 


1.62dh 


1.66 


1.58 


40fc 


2989. 944 


33435. 72 
















9 


2987. 55 


33462. 5 


a 1G4-2 iGS 


76 







1.083 


1.083 


1.083 


1 


2987. 16 


33466. 9 


c 3 Fa-» 3D2 














3 


2986. 90 


33469. 8 


a arjj-z 3F§ 














5h 


2986. 40 


33475. 4 


6 IDs-it 3 FS 














50 


2985. 04 


33490. 6 


a 3 D 3 -y 3 PI 


1 


.253 





.731 


1.237 


1.490 


3 


2982. 90 


33514. 7 


c 3 F 3 -0 3 Df 
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Intensity 


XairA 


Wave 
No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 
est 
P 


Strongest 






spark 


vac. 
cm -1 


nation 


type 


ration 


n 


1 


a 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


100 


2982. 100 


33523. 66 


a«Fs-z3D! 


3 




0.17 


1.28± 


1.25 


1.31 


150 


2980. 717 


33539. 22 


a iD 2 -ziF§ 


2 







1.23 


(1.003) 


1.079 


80 


2979. 875 


33548. 69 


c 3 F4— 10 3 GS 


1 







1.04 


(1. 240) 


1.20 


1 


2979. 50 


33552. 9 


6 3F 2 -2 3S! 














3 


2979. 34 


33554. 7 
















80 


2978. 943 


33559. 19 


6 mi—x 3G! 


1 


0.125 





.552 


1.052 


1.177 


2h 


2978. 09 


33568. 8 


6 *Di-w 3 P5 














150c 


2977. 67 


33573. 5 


a«Pi-z5P5 


1 


.732 





1.015 


2.479 


1.747 


2 


2975. 92 


33593. 3 


a3Dj-z*SS 














10 


2974. 72 


33606. 8 


6 *Qz-y 'Gl 


2 


.19 





1.53 


.77 


.96 


400rs 


2974. 094 


33613. 90 


a3G 8 -z'H§ 


1 







1.10 


(1. 180) 


1.167 


6 


2973. 32 


33622. 6 


6 *F2-y 3 F§ 


2 


.28 







(. 849) 


1.13 


200c 


2972. 568 


33631. 15 


a 'Ps-y S D! 


1 


.185 





.920 


1. 660 


1.475 


10 


2970. 47 


33654. 9 


6 3F 3 -2/ 3 HS 


1 


.19 







(1. 150) 


.96 


10 


2970. 40 


33655. 7 


a iDi-y 3Gs 


76 







1.023 


(1. 003) 


1.010 


10 


2968. 29 


33679. 6 


6 3F 4 -y 3 HS 


3 


.196 


.784 


1.06± 


(1. 152) 


.956 


'Sh 


2967. 93 


33683. 7 


6 3D 2 -y »F| 














8c 


2965. 871 


33707. 09 
















6 


2965. 63 


33709. 8 


a iQi-y mi 


1 







.92 


(1. 083) 


1.05 


3 


2964. 958 


33717. 47 
















15 


2961. 64 


33755. 2 


a«H«-z«HJ 


76 







1.040 


1.040 


1.040 


3 


2960. 231 


33771. 31 


a JF3-0 3F4 














20 


2956. 89 


33809. 5 


a 'Fa- z 0)1 


1 


.240 





.530 


1.060 


1.300 


4A 


2954. 72 


33834. 3 


a«F<-z«F§ 














20 


2954. 538 


33836. 38 


a iQt-W 3FJ 


3 




.098 


1.09± 


1.08 


1.10 


5 


2954. 03 


33842. 2 


6 3Po— z IP! 


7a 







.934 


0/0 


.934 


2 


2953. 384 


33849. 60 


&1G4— 5005 














800R 


2950. 876 


33878. 37 


a «F 5 — 2 *Fs 


3 




10 


1.37± 


(1.39) 


1.35 


4 


2949. 506 


33894. 10 


b*Pi— z'P! 


3 


.582 


.584 


.935, 1.515 


1.516 


.934 


80 


2946. 890 


33924. 19 


a 3F2— z 3 D§ 


2 


.310 





1.930 


1.000 


1.310 


60 


2946. 110 


33933. 17 


a 5 F3— z «F2 


2 


.25 





1.76 


1.26 


1.21 


100c 


2945. 890 


33935. 70 


a sp 2 _ z ip| 


1 


.28 







(1.82) 


1.54 


500cR 


2941. 536 


33985. 94 


a s'Ft—z 8 FJ 


3 




to 


1.34± 


(1.35) 


1.33 


4 


2940. 88 


33993. 5 


a lie— 2 3 I-7 














100 


2937. 707 


34030. 23 
















25 


2937. 327 


34034. 63 


a *Gi—y 3 D§ 


76 







1.060 


(1.052) 


1.049 


20 


2936. 67 


34042. 2 


d »Fi— u »F| 














3 


2936. 50 


34044. 2 
















20 


2935. 282 


34058. 34 


a 3H4— z 3 Hs 


2 


.205 





1.855 


.830 


1.035 


2 


2933. 43 


34079.8 


1D2— Z 3 F5 














2 


2933.17 


34082. 9 


d 3 F 2 — w «D2 














25 


2932. 658 


34088. 81 


a *P2— z 3 P§ 


3 


.56 


1.12 


1.26, 1.82 


1.82 


1.26 


30 


2932. 13 


34095. 


d "Ft— » 3 G.3 














70 


2931. 458 


34102. 77 


a 4F 2 -z 5 F! 


2 


.879 





1.870 


.991 


.112 


3 


2930. 853 


34109. 80 
















7 


2930. 648 


34112. 20 
















60 


2930. 267 


34116.62 
















mocR 


2927. 804 


34145. 33 


a «F fi -z *DS 


1 







.99 


(1.39) 


1.49 


1 


2926. 08 


34165. 4 


a iD 2 -y 3 F§ 














4 


2925. 93 


34167. 2 


a3Q4-z«Pi 














1A 


2922. 74 


34204. 5 


c 3F2-ZID2 














6 


2922. 45 


34207. 9 


6 3G3-Z 3D! 














3 


2919. 32 


34244. 6 
















3 


2918. 92 


34249. 2 


6D4-Z 8 G5 














10 


2918. 56 


34253. 5 
















100 


2917. 050 


34271. 20 


a^Pi-z'PS 


1 


1.232 





2.478 


2.478 


1.246 


3 


2916. 40 


34278. 8 


biQt-xmi 














8c 


2916. 09 


34282. 5 


(a 5p 3 -y3Q| 
\b 3Ho-z US 














10 


2915.412 


34290. 45 


a 3D 3 -I/3HJ 


1 


.29 







(1. 246) 


.96 


Sfc 


2914. 41 


34302. 2 
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Intensity 


A air A 


Wave 
No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 
est 
P 


Strongest 






spark 


vac. 
cm -1 


nation 


type 


ration 


n 


Qi 


Si 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


2 


2912. 91 


34319.9 


&3D 3 -t> 3 D3 














200R 


2911. 740 


34333. 70 


a *Fi—z fi F2 


3 




w 


1.01=fc 


(0. 996) 


1.02 


400/2 


2910. 580 


34347. 38 


a«F 8 -z 8 F3 


3 




w 


1.26± 


(1.25) 


1.27 


20 


2908. 98 


34366. 3 


biGi-xtQz 














80 


2908. 88 


34366. 8 


aiQi-yiGl 














200r 


2908. 236 


34375. 06 


a*Fi-z5Ff 


3 







.12 


0.000 


.12 


1 


2907. 206 


34387. 24 


b *Fz-iv 3F§ 














6 


2904. 87 


34414.9 


bmi-zm 


1 







.87 


(1. 052) 


1.02 


3 


2904. 13 


34423. 8 


aSQi-zmi 














2 


2902. 329 


34445. 02 


b3Gs-x*Ql 














200r 


2899. 230 


34481. 83 


a »F 4 -z JFs 


lb, 2 







1.374 


(1. 350) 


1.355 


200R 


2897. 803 


34498. 82 


a 3 F3— z 6 F 4 


2 







1.54 


(1. 248) 


1.321 


5 


2895. 39 


34527. 6 


, a iFi-y iF§ 


3 




.10 


1.024± 


1.009 


1.039 


20c 


2894. 43 


34539. 


a S P2— y 3 PI 









1.82 


(1.81) 


1.80 


5 


2890. 56 


34582. 2 


a JSo— y !Pi 


7a 







1.13 


0/0 


1.13 


10 


2890. 350 


34587. 77 


3F 4 -ziG! 


3 




.25 


1.12± 


1.15 


1.09 


150r 


2888. 824 


34606. 04 


a *Fi-z 5F2 


2 


1.028 





2. 057 


0.001 


1.029 


10 


2887. 70 


34619. 5 


biPi-x*I>2 


1 


.247 





1.010 


1.504 


1.257 


8 


2887. 088 


34626. 85 


a*Fi-y «Di 


1 


.674 








.674 


1. 348 


3 


2886. 61 


34632. 6 


b^Gi-x^Gi 














7 


2886. 34 


34635. 8 


6 3G 4 -x3Q§ 


2 


.224 







(1. 027) 


.803 


1 


2886. 24 


34637. 


a«Di-w 3 F2 














4ft 


2883. 60 


34668. 7 
















300c# 


2883. 168 


34673. 92 


a 5F 4 -z *D5 


1 







.92 


(1. 35) 


1.49 


10 


2882. 471 


34682. 31 


c3p,-xiD3 


1 


.21 





.78 


1.20 


.99 


8ft 


2881. 84 


34689. 9 
















100 


2880. 712 


34703. 49 


a30 8 -i/3G? 


2 







1.40 


(1. 180) 


1.125 


15 


2879. 359 


34719. 79 


a*D 3 -z3D2 














3 


2879. 21 


34721. 6 


a Wi-y Spf 














9 


2878. 739 


34727. 27 


a«Di-z3D! 


3 


1.077 


1.082 


. 430, 1. 502 


1.505 


.428 


10 


2877. 85 


34738.0 


0«G4-ZlH5 














10 


2877. 62 


34740. 8 


d 3F 3 -0 30? 














200c/J 


2877. 026 


34747. 95 


a*F2-z«FS 


2 


.274 





1.825 


1.003 


1.277 


150 


2876.951 


34748. 85 


flSF 4 -z«D? 














ZOOcR 


2875. 386 


34767. 76 


a oFs-z «D5 


1 


.225 





.780 


1.236 


1.461 


1 


2874. 98 


34772. 7 


6 3p 2 -tf 3D2 














7 


2872. 81 


34798. 9 


b*Gs-x*G°i 


76,2 







1.178 


(1. 19) 


1.17 


1 


2872. 51 


34802. 6 


c3F2-J 1 F§ 














1 


2871. 91 


34809. 8 


f0»D2-2«S! 

\6 3H 4 -r "J1 














2h 


2871. 06 


34820. 1 


a 5P 2 -i/ 3 F3 














3 


2869. 84 


34835. 


b 3F 4 -|/ mi 














300/? 


2868. 524 


34850. 93 


a «F 2 -z «DI 


1 


.470 





.523 


.993 


1.463 


lOfr 


2807. 28 


34866. 
















2 


2866. 86 


34871.2 


3P 2 -2/iD! 














60 


2865. 609 


3488G. 38 


a«Do-z3Di 


7o 







.413 


0/0 


.413 


3 


2861. 66 


34934. 5 
















100 


2861. 091 


34941. 46 


o»Fi-z«D8 


* 











0.000 


0/0 


2 


2859. 46 


34961. 4 


b »F 4 -tt> 3 F° 4 














20 


2859. 038 


34966. 68 


a«P 2 -z 1 F§ 


1 


.72 





.36 


1.80 


1.08 


7 


2857. 363 


34987. 05 


b 3H 5 -» 3 FS 














8 


2855. 54 


35009. 4 


b 3Po-z 3 D! 


7a 







.821 


0/0 


.821 


3 


2855. 082 


35015.00 
















3 


2853. 52 


35034. 2 


b*G3-x*Gl 














1 


2851. 82 


35055. 1 


b *P -w> 3 D! 














5 


2851. 295 


35061. 50 


6 3Pi-2»D! 














4 


2850. 385 


35072. 70 


6 3 P2-^ 3 Di 














100c 


2849. 557 


35082. 89 


a5D 2 -z 5 D2 














20 


2848. 296 


35098. 42 


6 3P 2 -o;3D§ 














6 


2848. 02 


35101.8 


a ih-x^Gl 














15 


2847. 23 


35111.6 


b3p 2 -w*D°2 


3 


.32 


.63 


1. 17, 1. 49 


1.49 


1.17 



•Unaffected by magnetic field. 
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Intensity- 


X air A 


Wave 
No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 
est 
V 


Strongest 






spark 


vac. 
cm -1 


nation 


type 


ration 


n 


Q 1 


Q 2 


1 


2 


3 


4 


5 


6 


7 


8 


8 


10 


60 


2846. 280 


35123. 28 


<z»Fi-z»Di 


3 


1.463 


1.464 


0, 1. 462 


0.000 


1.463 


20 


2845. 798 


35129. 23 


ami-v*ns 


1 


.205 





.205 


.820 


1.025 


40 


2844. 428 


35146. 14 


b3Pi-w*Dl 


1 


.335 





.826 


1.496 


1.161 


20 


2843. 640 


35155. 88 


ami-zmi 














3ft 


2843. 41 


35158. 7 
















lOOr 


2842. 642 


35168. 22 


a «Fj-z »D5 


3 


.472 


.946 


. 994, 1. 465 


.994 


1.466 


80c 


2841. 141 


35186. 80 


a «F s -z*D3 


3 


.209 


.630 


1. 247, 1. 462 


1.250 


1.460 


1 


2840. 57 


35193. 9 


a iFz-w*Ql 














6 


2839. 79 


35203. 5 


6 3Pj_ w ,3D§ 














7ft 


2839. 62 


35205. 7 


a »Ps-y *P2 














3ft 


2836. 45 


35245. 


6 3H 4 -527i 














4 


2836. 079 


35249. 60 
















50 


2835. 106 


35261. 70 


a *Fj-z «DS 


2 


.230 





2.170 


1.250 


1.480 


8 


2833. 312 


35284. 03 


aiPi-xTO 














10ft 


2832. 78 


35290. 6 
















3 


2830. 85 


35314. 7 


a*Qi-y*Ql 


2 







1.11 


(1. 052) 


1.03 


20 


2830. 56 


35318. 3 


bmi-yiHl 














15 


2829. 750 


35328. 44 


a «D4-z 3 DS 


2 


.180 





2.058 


1.502 


1.322 


3 


2827. 93 


35351. 2 


a iS5-y 3 SI 














2 


2827. 79 


35352. 9 


6 3D!-»3DI 














30 


2827. 08 


35361. 8 


a«Di-z3D5 


1 


.353 





.775 


1.481 


1.128 


4ft 


2826. 97 


35363. 2 


6 3H«-y mi 














3 


2826. 044 


35374. 77 


a 3Gs-y3QJ 














8 


2825. 86 


35377. 1 


a 3G 5 -y »F1 


2 







1.42 


(1.18) 


1.12 


2 


2824. 863 


35389. 55 


a3Fj-i/ 3 D5 














10 


2823. 89 


35401. 7 


a3Di-ziPI 


3 


.423 


.425 


. 510, . 931 


.510 


.933 


10 


2823. 34 


35408. 6 


a 3Q,-y3F§ 


76,2 







.780 


(. 765) 


.757 


12 


2820. 803 


35440. 49 


a8Fi-z*Da 


2 


1.472 





2.944 


0.000 


1.472 


15 


2819. 893 


35451. 92 
















1 


2818. 617 


35467.97 


b 3F 3 -y »G2 














20c 


2818. 199 


35473. 23 
















30 


2816. 678 


35492. 39 


6 3F 4 _ylQ5 


3 


.20 


.82 


.95,1.15 


1.15 


.95 


20 


2815. 399 


35508. 51 
















15 


2811. 70 


35555. 2 


&3F3-Z3D2 


1 







.97 


(1. 150) 


1.24 


100 


2810. 810 


35566. 48 


a 3p 4 -z »Ds 


lus 












4 


2809. 666 


35580. 96 


a3Q 5 -t/3GS 


76 







1.18 


1.18 


1.18 


8 


2809. 172 


35587. 22 


a*F2-z*D3 


2 


.461 





2.388 


1.005 


1.466 


6 


2808. 74 


35592. 7 


a«P 2 -0 3 F| 














15ft 


2806. 913 


35615. 86 
















8ft 


2805. 98 


35627. 7 
















3 


2805. 83 


35629. 6 
















15 


2803. 810 


35655. 27 


o3F3-z3Q§ 


3 


.486 


1.437 


760, 1.248 


1.248 


.760 


2 


2802. 73 


35669.0 


& 3Pi_z 3p5 














7 


2801. 551 


35684. 02 
















5 


2799. 180 


35714. 24 


6 3Fj-z iP! 














25 


2798. 903 


35717. 78 


a *Fi-y »D5 


1 


.28 





.51 


1.07 


1.35 


100c 


2797. 693 


35733. 22 


a»Pj-z«S2 


1 


.275 





1.11c 


1.660 


1.935 


15 


2795. 14 


35765. 9 


a 3Dj-:r 3D3 


3 


.250 


.510 


.1.014, 1.260 


1.010 


1.260 


7 


2793. 885 


35781. 92 
















3 


2793. 687 


35784. 46 


a 'Fj-y 3D2 














80 


2793.044 


35792. 70 


a«F4-z s G5 


3 


.270 


1.080 


1.082, 1.350 


1.350 


1.082 


80 


2791. 742 


35809. 39 


3H 8 -y 3Q3 


1 







.75 


(1.050) 


1.125 


5 


2791.372 


35814. 14 


b 3P 2 -X 3p| 


2 


.28 







(1. 483) 


1.203 


10 


2790. 580 


35824. 30 


a 3Q 4 -y 3F§ 


1 







.84 


(1.052) 


1.123 


8 


2789. 76 


35834. 8 
















3 


2788.687 


35848. 62 


b 3P!-* 3PI 














6 


2785. 071 


35895. 16 


a 3Q 4 -y 3Q| 














3 


2784. 450 


35903. 16 
















4 


2782. 807 


35924. 36 


6 3P 2 -Z 3Q§ 














4 


2780. 985 


35947. 90 
















150c 


2780. 235 


35957. 59 


a*Fi-z*Ql 


3 




.80 


1.31± 


1.39 


1.23 


3 


2778. 018 


35986. 29 


a3F 3 -z*D3 














6ft 


2775. 758 


36015. 58 
















5 


2774. 488 


36032. 07 


b 3Di-s iD3 


2 


.314 







(1.312) 


.998 


20 


2771. 65 


36069.0 


b 3F 3 -a: 3D3 


3 




.41 


1.21± 


1.14 


1.28 



• 
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Table 1. 


— Second spectrum of columbium 


(Cb II) 


— Continued 






Intensity 


X air A 


Wave 

No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 
est 
V 


Strongest 


0i 


02 


spark 


vac. 
cm -1 


nation 


type 


ration 


n 




1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


50 


2771. 398 


36072. 24 


a iJIh— x l Q\ 


76,1 







0.985 


0.992 


0.994 


1 


2769. 765 


36093. 51 


6 Wa-x 3 D§ 
















10 


2769. 561 


36096. 17 


a 3 G3— x 3 F2 


2 


0.336 





1.447 


.775 


.439 




6 


2769. 290 


36099. 70 


















lOQra 


2768. 124 


36114.90 


o«Dj-2*DS 


1 


. 185 





.935 


1.490 


1.305 




i 5 


2767. 218 


36126. 73 


aSDj-z 3 DI 


2 


.75 







(.512) 


1.262 




6 


2765. 952 


36143. 26 


a 3 F2-l/ 3 D! 


1 


.27 





.44 


.71 


.98 




9 


2765. 271 


36152. 16 


a 5D4-2 «F§ 


2 


.23 





2.18 


1.49 


1.26 




10 


2764. 561 


36161. 45 


a »Ds-2 «F§ 


2 


.466 





2.410 


1.478 


1.012 




15 


2763. 59 


36174. 2 


b »F|-tt> 3 D§ 


3 


.17 


.50 




(1. 15) 


1.32 




1 


2763. 025 


36181. 55 


a 3 G3-S/ 3 F§ 
















3 


2762. 49 


36188. 6 


a 3 P 2 -2«Pi 
















8 


2762. 32 


36190. 8 


a 3 D 3 -J TO 


76,1 







1.240 


(1. 246) 


1.249 




2 


2761. 737 


36198. 42 


b *Fa-w 3 D 3 ° 
















3ft 


2759. 968 


36221. 62 


















5 


2759. 16 


36232. 2 


b 3H 4 -w; 3 G § 
















50c 


2758. 78 


36237. 2 


a *P 2 -2 6 S2 


Sus 














10 


2757. 50 


36254. 


a 3 D2-w 3 DJ 


2 


.387 





1.394 


1. 007 


.620 




40 


2757. 256 


36257. 25 


aiDa-ziPJ 


2 







1.062 


(1. 003) 


.944 




3c 


2755. 722 


36277. 43 


















5 


2755. 562 


36279. 53 


a 3D 2 -J 3 D§ 
















40 


2754. 523 


36293. 22 


a «D2— z J Fi 
















3 


2753. 74 


36303. 5 


a«D 4 -z«FS 
















5 


2753. 56 


36305. 9 


a«F 3 -2 3 G4 
















200c 


2753. 133 


36311. 54 


a JIo— z >I§ 


76,3 







1.003 


1.000 


1.006 




3 


2752. 63 


36318. 2 


aWi-y^m 
















6 


2752. 02 


36326. 2 


a 3 Fj-zfiP2 


1 


.68 





.36 


1.04 


1.72 




15 


2750. 58 


36345. 2 


a 3 G4-:r 3 F§ 


2 







1.22 


(1. 052) 


1.00 




5 


2749. 817 


36355. 33 


a«F 3 -z 3 F2 


3 


.30 


.62 


. 69, . 99 


.99 


.69 




4 


2749. 69 


36357. 


a 3 P2-j/ 8 D2 


3 




.20 




(1. 450) 


1.35 




7 


2748. 077 


36378. 34 


b 3 F 3 -50O§ 


3 




.27 




(1. 150) 


1.24 




5 


2747. 606 


36384. 58 


a 3 Dj-M)3D3 
















3 


2747. 375 


36387. 64 


a 3 P 2 -j/ 3 Di 


2 


.46 







(1. 450) 


.99 




40 


2745. 725 


36409. 51 


amt-ySGl 


1 


.196 





.229 


.818 


1.014 




20c 


2745. 303 


36415. 10 


a«F 5 -z 3 FS 
















30c 


2744. 97 


36419. 5 


a»Pi-2«S2 
















4 


2744. 448 


36426. 64 


a 3 G 5 -i/ 3 H5 
















8 


2743. 478 


36439. 32 


6 3 F 2 -.r 3 D§ 


3 


.413 


.824 


. 840, 1. 254 


.840 


1.254 




4 


2742. 604 


36450. 94 


a 3 F4-z fi P§ 


1 


.33 





.24 


1.23 


1.56 




100 


2740. 185 


36483. 11 


a 3 H 6 -?/ 3 FS 


1 







.81 


(1. 050) 


1.11 




5 


2739. 239 


36495. 71 


b JG4-527§ 


1 


.465 







(. 950) 


1. 415 




60 


2737. 083 


36524. 46 


a«D 2 -2 5F5 


3 


.468 


.936 


1.023,1.487 


1.488 


1.020 




7c 


2736. 521 


36531. 96 


















5 


2735. 948 


36539. 61 


6 3 H4-p 3 D§ 


1 


.32 







(.88) 


1.20 




4 


2734. 733 


36555. 84 


& 3 Pi-jMD2 
















15 


2734. 36 


36560. 8 


a 3 F2-z 3 Pi 


1 


.50 





.22 


.72 


1.2 




15 


2733. 74 


36569. 1 


fa 3 Di-a; 3D? 
\b iQ 4 -y mi 
















8 


2733. 464 


36572. 79 


a »Di— z«Fi 


7a 







1.500 


1.500 


0.000 




40r* 


2733. 258 


36575. 57 


a iD 3 -z 5 F§ 


3 


.227 


.690 


1. 266, 1. 483 


1.487 


1.260 




2 


2732. 25 


36589. 1 


a 3 D 2 -500§ 
















60 


2730. 324 


36614. 87 


a 3 Di-w 3 DI 


3 


.10 


.10 


.56± 


.51 


.61 




2 


2729. 524 


36625. 60 


a 3p 2 -y 5D§ 


1 







1.39 


(1.45) 


1.43 




5 


2729. 372 


36627. 64 


a 5Fi-z3F2 
















8 


2727. 43 


36653. 7 


a 3 Di-M 3 D2 


2 


.652 





1.822 


.518 


1.170 




6 


2724. 95 


36687. 1 


a m 5 -y 3 G! 
















40 


2723. 660 


36704. 45 


a 3 D 3 -x 3 D§ 


3 




.13 


1.26± 


1.24 


1.28 




6 


2722. 69 


36717. 5 


a 3 D 3 -w 3 D 2 
















150rs 


2721. 987 


36727. 01 


a «D 3 -z «F| 


1 


.170 





.803 


1.483 


1.313 




8 


2721. 632 


36731. 80 


a«D -z 5 FT 
















6 
\ 


2721. 162 


36738.14 | a«Fi-y»D§ 


3 




.09 


1.06± 


1.08 


1.04 

4 







500 Journal of Research of the National Bureau of Standards 






1 


ABLE 1. 


— Second spectrum 


of columbium (Cb 11) — Continued 




Intensity 


X »ir A 


Wave 

No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 
est 
V 


Strongest 








spark 


vac. 
cm -1 


nation 


type 


ration 


n 


Q\ 


9* 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


6 


2720. 95 


36741. 


a 3Qi-y 3HS 


3 




0.36 




(1. 052) 


0.96 




7 


2720. 259 


36750. 34 


atFi-zSFs 


3 


0.16 


.48 




(1. 25) 


1 09 




8 


2717. 63 


36785. 9 


a mi-y 3F5 


3 


.288 


1.154 


82, 1. 11 


.82 


1.11 




10 


2717. 33 


36790. 











1.193 








150r« 


2710. 630 


36799. 43 


aSD4-z»F5 


1 


.14 





.80 


1.50 


1.36 




15 


2716. 309 


36803. 77 


a«Di-z»F2 


1 


.47 





.55 


1.49 


1.02 




40 


2715. 882 


36809. 56 


a 3 D 3 -w 3 D3 


3 




.18 


1.28 


1.25 


1.31 




50 


2715. 344 


36816. 85 


6 iQi-y »F3 


1 







.67 


(.95) 


1.04 




2 


2713. 74 


36838. 6 


6 3 G4-y »H| 
















5 


2711. 37 


36870. 8 


a 3 F 3 -z«PI 
















3 


2709. 595 


36894. 96 


6 »F 3 -:r 3G.? 
















2 


2709. 07 


36902. 1 


b 3Di-z »Di 
















20 


2707. 834 


36918. 96 


a mi-y 3F§ 


1 


.295 





-.07 


.815 


1.11 




3 


2707. 212 


36927. 44 


b 3F 2 -t0 3 Df 


2 


.23 







(.85) 


.62 




20 


2706. 395 


36938. 58 


a«D 2 -z«F§ 


1 


.22 





.82 


1.48 


1.26 




4 


2705. 326 


36953. 18 


b W 2 -x 3D! 


2 


.45 







(-85) 


1.30 




2 


2704. 92 


36958. 7 


6 3BU-W 3 G4 
















5 


2704. 70 


36961. 7 


















5 


2704. 417 


36965. 60 


a3p a _ 2 «p? 
















20 


2704. 250 


36967. 88 


a 3&2-X 3 P5 


3 


.352 


.714 


1. 010, 1. 355 


1.006 


1.358 




40 


2702. 521 


36991. 53 


a 5D 4 -z fi D 3 


2 







1.545 


(1. 495) 


1.478 




60r* 


2702. 197 


36995. 97 


a«D 3 -z*D2 


2 







1.519 


(1. 486) 


1.469 




10 


2700. 872 


37014. 12 


a 3 D 3 -500§ 


76,3 







1.255 


(1. 25) 


1.26 




7 


2700. 555 


37018. 46 


a sp 4 _ z 3F| 


3 




.30 


1.30± 


1.34 


1.26 




3 


2700. 312 


37021. 79 


a3F 4 -z 1 H5 
















15 


2700. 153 


37023. 97 


a 3 F 3 -z3p5 


1 


.180 





.702 


1.062 


1.242 




lOOrs 


2G98. 8G6 


37041. 62 


a»D 2 -z«Di 


2 







1.508 


(1. 490) 


1.472 




2 


2697. 66 


37058. 2 


b 3 F 2 -w 3 D 3 
















200i& 


2697. 067 


37066. 33 


a «D 4 -z 5 D? 


3 




.20 


1. 475± 


1.50 


1.45 




3 


2695. 601 


37086. 49 


b mi-y m 
















4 


2694. 753 


37098. 16 


fa 3Pi-y 3D? 
[a 3G 3 -3/ 3 H 4 
















4 


2694. 316 


37104. 18 


















3 


2692. 652 


37127.10 


b 3 p 2 -y m 
















10 


2692. 002 


37136. 07 


b m 5 -w 3 G? 


76,1 







1.024 


(1. 052) 


1. 059 




60rs 


2691. 774 


37139. 22 


a»Di-z5Do 


7a 







1.496 


1.496 


0/0 




4 


2690. 930 


37150. 86 


a«F 2 -z 3 F§ 


2 







1.24 


(. 996) 


1.08 




2 


2690. 150 


37161. 63 


6 3 Pl-2/iP; 


3 


.38 


.38 




(1. 504) 


1.124 




4 


2689. 066 


37176. 61 


a 3 Di-a: 3 Po 


la 


.500 





.500 


.500 


0/0 




100 


2686. 388 


37213. 67 


a 1F3-Z !D2 


76,2 







1.020 


(1. 007) 


1.000 




6 


2683. 216 


37257. 66 


a 3 Pi-z5Pf 


3 


.756 


.756 


1. 490, 2. 245 


1.490 


2.246 




1 


2682. 849 


37262. 76 


b 3 F 2 -5003 
















8 


2682. 469 


37268. 03 


















1 


2681. 066 


37287. 54 


a tPz-w 3 F4 
















50 


2680. 061 


37301. 52 


a 3 F4-y 3 G 4 


3 




.40 


1. 18± 


1.23 


1.13 




15 


2678. 663 


37320. 98 


a «Di-z 5 DI 


76,3 







1.470 


1.500 


1.440 




6 


2678. 102 


37328. 80 


a3Di-z 3 P 2 


2 


.86 







(• 512) 


1.37 




15 


2677. 664 


37334. 91 


a 3 G 5 -z !G4 


2 







1.57 


(1. 18) 


1.08 




5 


2676. 124 


37356. 39 


a 3 D,-:r 3 Pi 


3 


.71 


.71 


. 50, 1. 21 


.50 


1.21 




80r* 


2675. 945 


37358. 89 


a sD 2 -z 5D2 


76,3 







1.480 


(1. 490) 


1.470 




2h 


2675. 104 


37370. 63 


aWi-ii^Fl 
















U 


2674. 840 


37374. 32 


















250rs 


2673. 566 


37392. 13 


a iIb-2/ 'HI 


76,1 







.985 


(1. 000) 


1.003 




200r* 


2671. 933 


37414. 98 


a «D 3 -z SD3 3 


3 




.12 


1. 476± 


1.496 


1.456 




2 


2671. 656 


37418. 86 


a 3 F2-z 3 P 2 
















12 


2671. 255 


37424. 48 


a iD 2 -x 3 D! 


2 


.19 





1.19 


1.00 


.81 




3 


2670. 152 


37439. 94 


3 H4-:r 3 F| 
















5 


2668. 501 


37463. 10 


















4 


2667. 996 


37470. 19 


aiD2-w 3 D! 
















35 


2667. 765 


37473. 43 


a 3Qi—w 3 F 3 


76,1 







1.017 


(1. 052) 


1.064 




30 


2667. 300 


37479. 97 


a sDo-z 5D? 


7a 







1.457 


0/0 


1.457 




6 


2667. 146 


37482. 13 


a 3 F4-ziFs 
















5 


2667. 072 


37483. 17 


biGi-w^GI 
















50 


2666. 595 


37489. 87 


a5D 3 -z»DS 


7b, I 







1.437 


1.486 


1.474 




2 


2666. 164 


37495. 94 


a »Dj-a; 3 D 3 
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Intensity 


X air A 


Wave 
No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 
est 


Strongest 


0i 


Q% 


spark 


vac. 

cm-' 


nation 


type 


ration 


V 


n 


1 


2 


3 


4 


5 


6 


7 


8 


8 


10 


2 


2666. 056 


37497. 45 


a 3D 3 -z 3 F! 














80 


2665. 247 


37508. 83 


a >Oi-to *Fl 


2 


0.142 





1.057 


0.773 


0.631 


3 


2664. 010 


37526. 25 


a tQi-z si! 














2 


2663. 705 


37530. 55 


a 3D 3 -z 3G§ 














10 


2663. 552 


37532. 70 


a m 5 -y 3 H? 









1.34 


(1.050) 


.98 


15 


2660. 036 


37582. 31 


a 3Q 5 -2/ 3 Hs 


3 




.70 


l.lli 


1.18 


1.04 


15 


2659. 049 


37596. 26 


6 m&-w 3Q! 


1 







1.10 


(1.154) 


1.165 


5 


2658. 875 


37598. 72 


aSFi-ySQz 


2 


.22 







(1. 230) 


1.01 


1 


2658.711 


37601. 04 


aiD 2 -^3Ds 














SOrs 


2656. 076 


37638. 34 


a 5Di-z «D2 


76,1 







1.458 


(1. 500) 


1.479 


8 


2655. 865 


37641. 33 


b 3F 2 -z 3 P 2 


3 


.50 




. 86, 1. 36 


.86 


1.36 


2 


2655. 314 


37649. 14 


a3G4-z 1 G? 














10 


2051.810 


37698. 88 


a^Qs-zm 


1 







.44 


(1. 180) 


1.06 


80 


2651. 122 


37708. 67 


a *G5—w 3 F? 


2 







1.46 


(1. 180) 


1.11 


3 


2649. 714 


37728. 70 


bm&-w*Gl 














3 


2648. 034 


37752. 64 


b3Gi-w*Gl 














200r* 


2646. 258 


37777. 97 


a «D 2 -z *D3 


76,1 







1.422 


(1.490) 


1.467 


3 


2644. 932 


37796. 91 


a 3D 3 -:r 3Q5 














5 


2642. 566 


37830. 75 


a 8 G3— w z Fl 














150rs 


2642. 233 


37835. 52 


a 3H 4 -I/ 8 H« 


3 


.130 


.53 


.824, .950 


.822 


.952 


30 


2641. 060 


37852. 32 


a >Gf-Jf 3 H§ 


1 







.93 


(1. 180) 


1.14 


5 


2639. 883 


37869. 20 


o3F 2 -2/ 3 Pi 














2 


2639. 420 


37875. 84 


6 3 Po-l/ 3 Si 














5 


2638. 877 


37883. 63 


a «D 3 -z 3 Gs 














7 


2638. 591 


37887. 74 


a3Po-zfiP! 


la 







2.256 


0/0 


2.256 


10 


2637. 976 


37896. 57 


a 3 Gi-y 3 H5 


76,1 







1.016 


(1. 052) 


1.045 


3/1 


2635. 837 


37927. 32 


C z ¥i — U 3F4 














60 


2632. 510 


37975. 25 


a3F 4 -2/ 3 F4 


3 




.47 


1.17± 


1.23 


1.11 


3 


2631. 442 


37990. 67 


b nu-z JF§ 














20 


2630. 983 


37997. 29 


aiGt-ymi 














1 


2630. 354 


38006. 37 


a 3 Gi-z^Gl 














3 


2629. 209 


38022. 93 


a 3G4-w 3 FI 


3 




.20 




(1. 052) 


1.10 


3 


2628. 408 


38034. 51 


asPi-zsps 














3c 


2627. 055 


38054. 10 


b 3P2-527S 














4 


2626. 636 


38060. 17 


6 3G 4 -£ 3 D§ 














4 


2626. 401 


38063. 58 


a 3 Di-y 1D2 


2 


.45 





1.44 


.54 


.99 


2 


2624. 330 


38093. 61 


a 3Pj_ Z 3pg 














6 


2623. 321 


38108. 26 


a 3 F4-J/ 3 F§ 














5 


2623. 170 


38110. 46 


a5D4-z 3 Gt 














20 


2622. 952 


38113.62 


a 3p 2 -y 3pj 


1 


.30 





1.14 


1.44 


1.74 


80 


2620. 440 


38150. 16 


a 3F 2 -y 3 F2 


76,3 







.726 


(.712) 


.740 


3 


2618. 444 


38179. 24 


a 3 F4-y 3 G5 














10 


2617. 427 


38194. 07 


C 3P 2 -U 31)3* 














%k 


2617. 102 


38198.81 
















15 


2616. 219 


38211. 70 


a 1D2-Z 3pf 


1 


.18 





.83 


1.01 


1.19 


10 


2614. 759 


38233. 04 


c 3 F4-u 3 D§ 














8 


2614. 306 


38239. 66 


a z G&-y iGl 


2 


.232 







(1. 180) 


.948 


6 


2613. 927 


38245. 21 


a *Gi-y m 














8 


2613. 854 


38246. 27 


/a5D 2 -z 3 G§ 
\b m-v 3 F§ 














2 


2609. 622 


38308. 30 


a iD 2 -y iP! 














1 


2609. 199 


38314. 51 


a *m-y mi 














10 


2608. 958 


38318.04 


a 3H 5 -z 3I| 


3 


.18 


.90 




(1. 050) 


.87 


2 


2608. 690 


38321. 98 


aiD 2 -a:3G3 














5 


2605. 064 


38375. 32 


b 3p 2 -2/ iF§ 














10 


2605. 013 


38376. 07 


6 3F 2 -2/ l DJ 


3 




.22 




(. 849) 


JK> 


10c 


2604. 753 


38379. 90 


a 3 G3— w 3 FI 














10 


2603. 731 


38394. 96 


a Wz-y 3 F1 


2 







1.18 


(1. 070) 


1.10 


4 


2602. 485 


38413. 34 


a 3F 2 -3/ 3 G§ 


2 


.305 







(• 712) 


1.017 


100 


2601. 285 


38431. 06 


amt-zW 


3 




.62 


LlOdb 


1. 15 


1.05 


2 


2600. 615 


38440. 96 


a3H 5 -ziG4 














10 


2600. 156 


38447. 75 


a 3D 2 -p «F 2 


3 


.20 


.40 




(1.002) 


.80 


Zh 


2599. 522 


38457. 13 


a 3 D 2 -p 3 F3 














6 


2598. 037 


38479. 11 


b *Gi-w 3Q4 


3 




.13 


1.043± 


(1. 027) 


1.059 


4c 


2594. 964 


38524. 67 


a &Pi-w »D§ 














50 


2594. 736 


38528. 06 


a *Fz-y *F§ 


3 




.15 


1.094db 


1.069 


1.119 



r 
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Table 1. 


— Second spectrum of columbium (Cb n) — Continued 




Intensity- 


X air A 


Wave 
No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 
est 
V 


Strongest 






spark 


vac. 
cm -1 


nation 


type 


ration 


n 


1 


Q 2 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


10 


2594. 337 


38533. 98 


a «D 3 -z3G| 














4 


2592. 035 


38568. 20 


3H4-W 3 F§ 














200R 


2590. 940 


38584. 50 


a *m-y mi 


3 




0.18 


1.14± 


1.155 


1.125 


8 


2588. 966 


38613. 92 


6 Wi-v 3 FS 














4 


2587. 952 


38629. 04 


a *F t -x 3 F1 


2 


0.22 







(1. 230) 


1.01 


8 


2587. 409 


38637. 15 


a «Fi-s iG? 


76,1 







.995 


(1. 007) 


1.004 


4 


2586. 911 


38644. 59 


a iFz-y 3 P§ 


1 


.445 







(1. 070) 


1.515 


250R 


2583. 982 


38688. 39 


a »H»-y 3 H! 


76,3 







1.037 


(1. 050) 


1.024 


30 


2580. 284 


38743. 83 


a^EU-ziGS 


3 


.26 


1.04 


0.83,1.08 


.83 


1.08 


6 


2575. 968 


38808. 74 


a 3Di-r 3 F 2 


2 


.30 





1.10 


.50 


.80 


2 


2575. 570 


38814. 74 


a ms-w 3 F| 














40 


2574. 843 


38825. 70 


a 5Di-z 3 F2 














5 


2574. 074 


38837. 30 


a 3 F 2 -z 3 F2 


3 


.29 


.58 




(.712) 


.42 


15 


2573. 136 


38851. 45 


C 3F 2 -p3G| 














5 


2573. 022 


38853. 18 


a 3 F 2 -z 3 Sf 












| 


Ih 


2571. 74 


38872. 5 


fl»D 3 -P 3 F§ 














60 


2571. 324 


38878. 83 


a*Di-z*Gl 


1 


.264 





.176 


1.496 


1.232 


3 


2569. 187 


38911. 17 


(a iQt-tv 3G§ 
\a *Qs-y JGS 














2 


2568. 677 


38918. 89 


aiDa-S/TO 














10 


2568. 409 


38922. 95 


a 3F 2 -i/ 3F§ 














5 


2566. 075 


38958. 35 


a3H5-z 3 He 














4 


2565. 675 


38964. 42 


c3F 2 -w 3 Di 














20 


2565. 504 


38967. 02 


c 3F 4 -r 3 Gs 














15 


2564. 846 


38977. 02 


C 3F,-p3G; 


76,2 







1.13 


(1.08) 


1.09 


1 


2564. 526 


38981. 89 


&3F 2 -yipi 














15 


2564. 070 


38988. 81 


6 3Di-u3F5 


2 


.29 







(.681) 


.97 


10 


2563. 913 


38991. 20 


a mi-y mi 














120 


2562. 402 


39014. 19 


a3P!-|/3P5 


la 







1.500 


1.500 


0/0 


1 


2561. 926 


39021. 45 


a iHs-t; 3GS 














6 


2561. 708 


39024. 76 


a 3F4-y »HJ 














2c 


2561. 465 


39028. 46 


a «P 3 -w3D§ 














3 


2560. 741 


39039. 50 


a 3 Yi-y IPJ 














20 


2560. 622 


39041. 31 


b *?2-W 3G§ 


1 


.592 





.300 


1.484 


.892 


60 


2560. 112 


39049. 09 


O 3F3-Z 3F§ 














3 


2558. 628 


39071. 74 


&3G4-W3GS 














120 


2556. 933 


39097. 63 


3p 2 - Z 3St 


1 


.368 





1.079 


1.447 


1.815 


60 


2555. 626 


39117. 63 


a 3H 4 -m> 3 FS 


3 


.277 


1.114 


.828,1.099 


.825 


1.102 


8 


2555. 314 


39122. 40 


b 3F 4 -y >H! 














8 


2554. 793 


39130. 38 


&3F 2 -t>3F§ 


2 


.24 





1.57 


.85 


1.09 


15 


2553. 490 


39150. 35 


&3D 2 -u3F§ 


2 







1.411 


(1. 171) 


1.251 


120 


2551. 382 


39182. 69 


a3p,-2/3p? 


3 


.264 


.266 


1.498,1.760 


1.497 


1.761 


2 


2550. 037 


39203. 36 


a3H«-z3I? 














2h 


2549. 435 


39212. 62 


a «P3-z 3 F4 














1 


2549. 039 


39218. 70 


a»G4-^ 3 D3 














30 


2548. 634 


39224. 94 


a 3D 3 -P 3 F2 


76,2 







1.282 


(1. 246) 


1.254 


2 


2547. 556 


39241. 53 


6 1G4-Z 1F3 














2 


2546. 353 


39260. 07 


a 3 G4-w 3 D3 














2 


2545. 404 


39274. 71 


C 3 P _ M 3DJ 














200i? 


2544. 802 


39284. 00 


a 3p 2 _y3p5 


3 




.102 


1. 480± 


1.454 


1.505 


1 


2544. 435 


39289. 66 


a 3G 3 -4952 














50 


2541. 424 


39336. 21 


a»D4-z3F< 


3 


.235 


.94 


1.260,1.495 


1.495 


1.260 


2 


2541.074 


39341. 63 


a»Dj-z 3 F§ 














3 


2540. 811 


39345. 70 


/6 3 Fs-yiF§ 
{ams-yiGl 














80 


2540. 611 


39348. 80 


& 3 p 2 _t,3Di 


1 


.273 





.66 


1.479 


1.206 


10 


2539. 224 


39370. 29 


b*Fi-yiFl 














10/i 


2534. 445 


39444. 52 


a*Fi-ymi 














30 


2533. 188 


39464. 08 


6 3p 2 -t> 3 D5 


3 


.30 


.60 




(1. 483) 


1.18 


30 


2531. 252 


39494. 27 


6 3 Po-f 3 Di 


la 







.515 


0/0 


.515 


80 


2530. 968 


39498. 70 


bSFi-v^m 


1 


.32 





.840 


1.48 


1.16 


3 


2530. 168 


39511. 19 


b 3G4~X iF§ 
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Table 1. — Second spectrum of columbium (Cb n) — Continued 



Intensity 
spark 


X air A 


Wave 
No. 
vac. 
cm -1 


Term combi- 
nation 


Zeeman 
type 


Sepa- 
ration 


Strong- 
est 
V 


Strongest 
n 


Q\ 


92 


1 


2 


3 


4 


5 


6 


7 


8 


8 


10 


2 


2530. 103 


39512. 21 


fa aPi-z^O I 
\a 3G*-x TO 














30 


2527. 914 


39546. 42 


o 3 Pi-» 3 D! 


3 


0.984 


0.982 


0.529,1.515 


1.514 


0.530 


4 


2527. 277 


39556. 38 


aWi-ym 














100 


2525. 806 


39579. 42 


a 3G 8 -x 3Qs 


76,3 







1.19 


(1. 180) 


1.20 


5c 


2523. 761 


39611. 49 


a 8Pj-x 3P5 














3ft 


2522. 885 


39625. 24 


a il«— 10 3 GI 














8ft 


2522. 341 


39633. 79 


a sGs-z 3 F? 














150 


2521. 404 


39648. 52 


a 3H4-I/ 'Gl 


3 




.48 


.88=fc 


.82 


.94 


2ft 


2520. 663 


39660. 17 


a 3D s -527§ 














5 


2519. 841 


39673. 11 


ai&t-vSFS 














10c 


2519. 692 


39675. 44 


b 3Hi-:r iGJ 














10ft 


2517. 487 


39710. 20 


&3Dj-M3F$ 


76,2 







1.445 


(1. 312) 


1.345 


1 


2514. 500 


39757. 37 


a*Fi-w3FS 














6 


2514. 352 


39759. 71 


a *D 3 -z »FS 


1 


.23 







(1. 486) 


1.26 


120 


2511. 004 


39812. 72 


a3p -yi-pi 


7c 







1. 770 t 


0/0 


1.770 


5 


2505. 911 


39893. 63 


a *Q t -r 3 G| 














3 


2504. 948 


39908. 97 


6 »F:-527§ 














2 


2503. 431 


39933. 15 


(a 3F4-Z1G? 
\o 3G 5 -x 3QS 














40 


2502. 496 


39948. 06 


a 3 G4-x 3 FS 


3 


.17 


.68 


1.14± 


1.05 


1.22 


10 


2500. 426 


39981. 13 


a3G4-x3G3 














30 


2498. 244 


40016. 05 


6 3 D 3 -w TO 


76,3 







1.32 


(1.312) 


1.33 


4 


2496. 976 


40036. 37 


b 3F4-W 3 Gs 














3 


2496. 806 


40039. 10 
















30ft 


2490. 217 


40145. 03 


b 3Da-w 3 D5 


76,3 







1.18 


(1. 171) 


1.19 


30ft 


2490. Ill 


40146. 74 
















2 


2489. 466 


40157. 14 


&3Dj-p 3 G§ 














5 


2488. 234 


40177. 02 


a 3 F3-M> 3F3 














8 


2485. 420 


40222. 51 


3D 2 -m;3G§ 














30 


2484. 931 


40230. 42 


a»G4-i0 3 G2 


2 







1.556 


(1.083) 


1.178 


50 


2483. 878 


40247. 47 


a3G4-z 3 G4 


3 




.44 




(1. 052) 


1.16 


15 


2483. 721 


40250. 02 


a 3 F 2 -«0 3 F5 














80 


2479. 933 


40311. 49 


a Wi-x 3 Gl 


1 







1.040 


(1. 157) 


1.18 


2 


2479. 454 


40319. 28 


&3F 3 -0 3D§ 














60 


2478. 283 


40338. 33 


a3G 3 -z 3 G§ 


3 




w 


.79± 


(. 765) 


.815 


20 


2477. 936 


40343. 98 


6 3 F4-0 3 D§ 














150 


2477. 379 


40353. 05 


a3 p,_j,3p5 


76,2 







1.518 


(1.495) 


1.506 


3ft 


2474. 187 


40405. 10 


6 3 D 3 -0 3 G? 














20 


2472. 376 


40434. 70 


o 3 F 3 -0 3 D5 


76,1 







1.140 


(1.150) 


1.156 


20c 


2471. 318 


40452. 01 


a »D|-527| 














8 


2466. 563 


40529. 98 


o 3 D 3 -0 TO 


2 


.20 




1.60 


1.00 


1.20 


4ft 


2465. 199 


40552. 41 
















15ft 


2464. 648 


40561. 47 
















4c 


2462. 500 


40596. 85 


a «P 3 -p 3 F§ 














60 


2462. 047 


40604. 32 


a 3 G 3 -z 3 G4 














8c 


2461. 174 


40618. 72 
















8ft 


2459. 563 


40645. 32 


a 3 D2-0 TO 














2 


2459. 434 


40647. 46 


a 3D 3 -w 3 G 3 














40 


2458. 083 


40669. 80 


aiGi-xiFS 


76,2 







1.144 


(1.083) 


1.063 


6c 


2456. 676 


40693. 09 


a TO-0 TO 


2 


.466 





1.468 


1.002 


.536 


4ft 


2454. 376 


40731. 22 
















20 


2453. 945 


40738. 37 


6 2Fz-w »GJ 


1 







.78 


(1. 150) 


1.06 


15 


2453. 853 


40739. 90 


a 3H 5 -a: 3 F4 














2 


2452. 468 


40762. 90 


6 3F 4 -Z0 3QJ 














60 


2451. 870 


40772. 85 


a TO-y l H 


2 







1.074 


(1.003) 


1.027 


2 


2450. 900 


40788. 98 


a3G 5 -zil6 














10 


2450. 433 


40796. 75 


a 3p -z 3 S! 


7a 







1.82 


0/0 


1.82 


10 


2450. 250 


40799. 79 


b 3 P 2 -a »FJ 












.64 


5 


2450.069 


40802. 81 


6 »Di-tt 3 DI 


76,3 







.66 


(. 681) 


20c 


2448. 258 


40833. 00 
















15 


2447. 966 


40837. 86 


aWi-yiGl 
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Table 1. 


— Second spectrum of columbium (Cb n) — Continued 




Intensity 


X air A 


Wave 
No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 
est 
V 


Strongest 






spark 


vac. 

cm-' 


nation 


type 


ration 


n 


9\ 


02 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


2 


2445. 402 


40880. 68 


a^Pi—z »S 2 














3ft 


2444. 856 


40889. 81 
















10 


2444. 479 


40896. 11 


6 3Fi-w 3 G§ 


76,2 







0.921 


(0. 849) 


0.873 


2 


2443. 718 


40908. 85 


a »D 3 -z ^3 














40 


2442. 677 


40926. 28 


6 iQ«-x iG5 


3 




.20 


.975± 


.950 


1.000 


40 


2442. 144 


40935. 21 


a*Gi-y iD5 


1 


0.204 





.353 


.761 


.965 


30 


2441. 856 


40940. 04 


a «P3-p 3FJ 


1 


.39 







(1. 663) 


1.27 


8 


2440. 976 


40954. 80 


a 3 T>z—v 3D§ 














50 


2437. 411 


41014. 70 


a 3Fj-z »P! 


1 


.24 





.47 


.71 


.95 


50 


2435. 952 


41039. 26 


a m&—x 3Q3 


1 







.53 


(1. 050) 


1.18 


5c 


2435. 374 


41049. 00 


a STz-iv 3P5 














10ft 


2435. 074 


41054. 05 


a 3Di-» 3D! 














3 


2434. 662 


41061. 00 


6 3 Pi-x JDS 














2 


2434. 117 


41070. 19 


a 3D 3 -p 3 D2 














60 


2433. 792 


41075. 68 


a mi-x 3Qs 


76,2 







.850 


(.825) 


.817 


10c 


2432. 822 


41092. 05 
















10c 


2432. 321 


41100. 52 


a »Pa—» s J?l 














30c 


2431. 679 


41111.36 
















4ft 


2430. 310 


41134. 52 


a «Pi-y iPi 














Sft 


2428. 603 


41163. 43 
















5ft 


2426. 243 


41203. 47 


6 3F 2 -p 3 D5 














4ft 


2426. 128 


41205. 42 
















5ft 


2425. 112 


41222. 68 
















4ft 


2423. 532 


41249. 56 
















2 


2422. 976 


41259. 02 


a 3p 2 -y iP! 














2 


2421. 016 


41292. 42 


a »Fi-y 3 D! 














10 


2419. 467 


41318. 85 


b 3F 2 -» 3 D2 


3 


.32 


.63 


.84, 1.16 


.84 


1.16 


150 


2418. 687 


41332. 18 


a3G 4 -fl3FS 


1 







.97 


(1.052) 


1.08 


20 


2417. 323 


41355. 50 


6 3F 4 -m;3G5 


2 







1.31 


(1. 152) 


1.18 


150 


2416. 994 


41361. 13 


a 3G 5 -fl 3 F< 


1 







.88 


(1. 180) 


1.26 


2 


2416. 679 


41366. 52 


& 3 F 2 -0 3Di 














3 


2416. 247 


41373. 92 


a 3 D3— w 3 GI 














30 


2416. 169 


41375. 25 


a «P 3 -527§ 


3 


1.26 


.77 


1.42, .68 


1.68 


1.42 


10c 


2415. 955 


41378. 91 


a »P 2 -w 3 Pi 














150 


2412. 460 


41438. 86 


a 3F4-Z 3DI 














5ft 


2412. 283 


41441. 90 
















5ft 


2411. 235 


41459. 91 
















20c 


2410. 285 


41476. 25 


a «Pi— u> 3P5 


la 







2.47 


2.47 


0/0 


6 


2410. 080 


41479. 77 
















20ft 


2407. 685 


41521. 03 


am 6 -zm 














60c 


2405. 850 


41552. 70 


a «P 2 -w *P2 


3 


.375 


.75 


1. 44, 1. 81 


1.815 


1.440 


50c 


2405. 344 


41561. 44 


a »Pi-» »Pi 


3 


1.045 


1.041 


1. 43, 2. 48 


2.475 


1.430 


20 


2404. 210 


41581. 04 
















8ft 


2402.658 


41607. 90 
















4 


2401. 272 


41631. 91 
















4 


2401. 040 


41635. 93 


a 3F3-4952 














2 


2398. 768 


41675.36 


a 3G<-t; 3F| 














120 


2398. 484 


41680. 30 


a 3G s -*> a F 2 


1 







.72 


(.765) 


.79 


6 


2397. 967 


41689. 29 


a 3G 3 -» 3 FS 














2 


2397. 677 


41694. 33 


a *D 2 -# «Di 














4c 


2397. 558 


41696. 40 


a 8P3-1/ iFI 














2 


2396. 772 


41710.07 


a«Fi-z3pf 














3c 


2396. 310 


41718. 11 


a »Pi-f 3 S! 














8ft 


2395. 824 


41726. 58 
















40 


2395. 329 


41735. 20 


a *Pi-w 3p§ 


1 


1.03 





.41 


2.47 


1.44 


2 


2394. 697 


41746. 21 


a iD 2 -y3D§ 














20 


2391. 912 


41794. 81 


b 3F4-Z iF§ 














3ft 


2390. 718 


41815. 69 
















40 


2388. 269 


41858. 56 


a 3F 3 -:r 3 D!J 


3 


.22 


.67 


1.18± 


1.07 


1.29 


80 


2387. 521 


41871. 67 


a 3F3-w 3 D 2 


1 







.88 


(1.070) 


1.165 


80 


2387. 101 


41879. 04 


a *P 2 -527§ 


1 


.40 





.61 


1.81 


1.41 


10ft 


2385. 251 


41911. 52 
















5ft 


2384. 852 


41918. 52 
















3 


2381. 717 


41973. 80 


a s Di-# «D! 














2 


2381. 122 


41984. 19 


a 3p 2 -3; 8D 2 
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Table 1.- 


— Second spectrum of columbium (Cb n) — Continued 




Intensity 


X sir A 


Wave 
No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 
est 
P 


Strongest 


Q\ 


Qi 


spark 


vac. 


nation 


type 


ration 


n 






cm -1 














1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


10ft 


2380. 148 


42001. 37 
















5ft 


2379. 122 


42019. 48 
















4 


2378. 476 


42030. 89 


a 3FJ-4955 














10 


2377.989 


42039. 50 


&3H4-P 3 G$ 














100 


2376. 398 


42067. 64 


a «Ds-2 3HI 














8 


2374. 167 


42107. 16 


b mi—a 3 F2 














10c 


2373. 967 


42110. 71 


a 3Q4-527S 














60 


2372. 730 


42132. 66 


c *Do-y 5 D! 














8c 


2372. 227 


42141. 60 


a »Os— to 3 Pz 














100 


2369. 954 


42182. 01 


a 3Fj-j 3 Dt 


1 







0.62 


(0. 712) 


0.81 


8c 


2368. 941 


42200. 05 


a sp 2 ~i/ iF5 














20ft 


2366. 198 


42248. 96 
















10ft 


2365. 745 


42257. 05 


b iQz-u 5F5 














20ft 


2365. 624 


42259. 21 
















3ft 


2365. 305 


42264. 91 


a »F«-« 3 G§ 














70 


2365.215 


42266. 52 


a 3F 2 -w 3 D2 


3 


0.46 


.93 


. 70, 1. 16 


.70 


1.16 


2ft 


2364. 270 


42283. 41 


b IGl-W «F3 














3 


2363. 587 


42295. 63 


a*Fj-z 3 P5 














80 


2360. 302 


42354. 49 


a 1G4-ZIG4 


3 




.27 


1.05=1= 


1.09 


1.01 


3 


2357. 437 


42405. 96 


a *Dz-x 1F3 














50 


2356. 290 


42426. 60 


(a 3F 2 -z 3 DI 
\a m t -v 3F§ 














40 


2356.005 


42431. 73 


a *Gi-y »F1 


76,2 







1.07 


(1.052) 


1.04 


8 


2355. 680 


42437. 59 


a 5 Di— y 5 D5 














50 


2354. 040 


42467. 15 


a «Hi-» 3F5 














3 


2353. 765 


42472. 11 


a 3Pj-u' 3 D! 














60 


2352. 837 


42488. 86 


a 5D3-2/ 3 E>5 














60 


2352. 338 


42497. 87 


a *Pt-x 3 Di 














4 


2351.613 


42510. 98 


a 3 Pa— w 3 D3 














20ft 


2350. 488 


42531. 32 


a 3 F4-z 3 GS 














5ft 


2349.411 


42550. 81 
















2 


2347. Ill 


42592. 50 


a 5 F3— y 3 G5 














3 


2346. 961 


42595. 22 
















50 


2346. 532 


42603. 01 


a 3 P 2 -w 3 Ds 


1 







1.10 


(1. 450) 


1.33 


15ft 


2345. 333 


42624. 79 


6 »H4-t> 3 GI 














10 


2343. 271 


42662. 30 


a *Di-y »DI 














3ft 


2343. 103 


42665. 36 
















4ft 


2342. 852 


42669. 93 


a 5P3-0 z m 














20A 


2340. 025 


42721. 47 
















30 


2335. 620 


42802. 04 


b »H 5 -t) 3 GJ 














20 


2335. 322 


42807. 68 


a 8P2-50O3 














100 


2334. 802 


42817. 03 


a 5D3— y 5 T>2 














10 


2332. 896 


42852. 01 


a sDa-l/ 3 P>2 














3ft 


2332. 295 


42863. 05 
















4 


2328. 028 


42941. 61 


a 3 F 2 -:r. 3 P§ 














3ft 


2327. 521 


42950. 96 


a 3 F 3 -a; 3 G? 














10 


2327. 131 


42958. 16 


asPo-jMPi 














20 


2326. 221 


42974. 96 


a m&-y mi? 














6ft 


2325. 504 


42988. 21 
















3ft 


2324. 409 


43008. 46 
















60 


2324. 237 


43011. 75 


a «D a -z s Pf 


1 


.75 





.75 


1.50 


2.25 


40 


2324. 063 


43014. 86 


b 3 H 6 -p 3 GS 














10ft 


2323. 512 


43025. 06 
















30 


2321. 996 


43053. 15 


a 3 Pi-:r 3 D2 














3A 


2321. 271 


43066. 60 
















7ft 


2320. 659 


43077. 95 
















25 


2320. 238 


43085. 75 


a 5 D3— y ! D§ 














5 


2319. 847 


43093. 03 
















25 


2319. 589 


43097. 82 


a 3 G4-w 3 G§ 














3ft 


2318. 180 


43124.01 
















10 


2317. 784 


43131. 38 


a «Di-y TO 
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able 1. — Second spectrum of columbium (Cb n) — Continued 




Intensity- 


A air A 


Wave 
No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 
est 


Strongest 






spark 


vac. 


nation 


type 


ration 


n 


Q 1 


Qi 






cm-i 








P 








1 


2 


3 


4 


5 


6 


7 


8 


8 


10 


16ft 


2316. 929 


43147. 49 


lb m 5 -v 3G? 

\b 3p 2 -« 3F? 














20 


2315. 173 


43180. 02 


a 5 T>2—y 5 D2 














50 


2314. 850 


43186. 04 


a sp 2 -x 3P5 


3 




0.20 


1.41± 


1.46 


1.36 


3 


2314. 240 


43197. 43 


a iD 2 -z J F§ 














15 


2313. 524 


43210. 79 


a 5D2-J/ 3 D? 














20/1 


2311. 456 


43249. 45 
















2 


2310. 570 


43266. 03 


a »Fs-0 3 F 4 














8 


2310. 313 


43270. 84 
















3 


2309. 742 


43281. 54 


a s Fz—y l T>2 














100 


2309. 239 


43290. 97 


aSDi-?»Pl 


3 


0.76 


.76 


1.50, 2.26 


1.50 


2.26 


6 


2308. 807 


43299. 07 


a «Fi~f 3 F2 














3 


2307. 477 


43324. 02 


a 3P2-Z 3G§ 














4ft 


2305. 426 


43362. 56 
















4 


2303. 154 


43405. 33 


a 3G 4 -tf 3 D3 














40 


2302. 695 


43413. 98 


a 5 D 4 -y 3 D3 














200 


2302. 086 


43425. 47 


a 5 D3-z 5P2 


1 


.25 





1.00 


1.50 


1.75 


50 


2300. 785 


43450. 02 


a «Do-z spj 


la 







2. 255 


0/0 


2.255 


5 


2300. 519 


43455. 04 


fa 3G 3 -W 3 G§ 

\6 3 F 3 -x iG3 














30 


2300. 339 


43458. 44 


a 1D2-J ! D2 


lb 







1.002 


1.002 


1.002 


20 


2299. 226 


43479. 48 


b 3 F 4 -z J G 4 














5 


2298. 662 


43490. 14 


a sDi-y 3 DI 














10 


2298. 385 


43495. 38 


a iPi-j 3D! 














40ft 


2297. 853 


43505. 45 
















50 


2297. 611 


43510.04 


a 8 G3— w 3 G 4 














3 


2296. 748 


43526. 38 


a 3 H4— y 'F3 














8 


2295. 972 


43541. 10 


a 3 Pi-w 3 Df 














300 


2295. 681 


43546. 61 


a«D 4 -2«Ps 














60 


2294. 983 


43559. 85 


6 3 G 4 -t> 3 G§ 














40 


2293. 926 


43579. 93 


a 3 Pi— v) 3 DI 














8/i 


2292. 325 


43610. 36 
















20ft 


2291. 644 


43623. 32 
















8 


2291. 383 


43628. 29 


a»D 2 -z 3 P! 














6 


2290. 289 


43649. 12 


a 5 Do— y 3 Df 














30 


2288. 861 


43676. 35 


a Wi-y 1D2 














7 


2286. 892 


43713. 95 


a *F 2 -j 3 F§ 














20 


2286. 749 


43716. 69 
















10ft 


2286. 352 


43724. 28 
















5ft 


2285. 673 


43737. 26 
















60 


2285. 223 


43745. 88 


a iVi-y *T>1 


76,3 







1.490 


(1. 495) 


1.485 


10 


2284. 356 


43762. 47 


a 3 G 3 -0 *T>1 














300 


2283. 004 


43788. 39 


a 5D 2 -Z«P2 


3 


.25 


.50 


1. 49, 1. 74 


1.49 


1.74 


80/1 


2281. 830 


43810. 92 
















30 


2281. 136 


43824. 25 


a 3 G 4 -w 3 G 4 














50 


2280. 450 


43837. 43 


a b Dz—y 3 D3 














4ft 


2278. 477 


43875. 38 


&iG 4 -fl 3 G1 














4ft 


2278. 320 


43878. 41 
















3 


2276. 361 


43916. 16 


a 5 F 2 -# 3 P! 














6 


2276. 170 


43919. 85 


a SFs-z 3 F§ 














60 


2274. 198 


43957. 93 


&3G 3 -0 3G3 














100 


2274. 128 


43959. 28 


a 3F 4 -» 3F| 


76,3 




V) 


1.246 


(1. 230) 


1.260 


150 


2273. 566 


43970. 15 


a «D3-z ep§ 


3 




.25 


1.52± 


1.48 


1.56 


6ft 


2273. 120 


43978. 77 
















100 


2272. 730 


43986. 32 


a 5 ¥i-x 3 FI 














2 


2270. 65 


44026. 6 


a ZYz-v 3F 2 














150 


2270. 180 


44035. 72 


a 3F 3 -» 3 F§ 


76 







1.07 


1.07 


1.07 


100 


2269. 865 


44041. 83 


6 3 G6-t?3GI 














10ft 


2269. 202 


44054. 70 
















150 


2268. 527 


44067. 81 


a 5Di-z »P5 














100 


2266. 732 


44102. 70 


a3G 5 -w; 3 G? 














100 


2265. 676 


44123. 26 


a 5D 3 -z 3 P2 
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Table 1. — Second spectrum of columbium (Cb n) — Continued 



Intensity- 


X air A 


Wave 
No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 
est 
P 


Strongest 






spark 


vac. 


nation 


type 


ration 


n 


Oi 


ffl 






cm-i 














1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


150 


2264. 556 


44145.07 


b 3 G 4 -p 3 GS 














3A 


2264. 09 


44154. 2 


b 3 G 3 -w 3 D§ 














15 


2263. 312 


44169. 34 


a fi D3— y 5 D< 














15 


2263. 219 


44171. 15 


a 3 Po— w 3 DI 














2 


2262. 34 


44188. 3 


o »Fi-» 3 Pa 














80 


2262. 132 


44192. 38 


a SRi-w 3 G§ 














8 


2261. 721 


44200. 40 


a «D a -y 3 D§ 














20ft 


2261. 531 


44204. 12 
















60 


2257. 537 


44282. 32 


a 3 Pi-z 3 PI 














200 


2255. 597 


44320. 40 


a «Fi-3 3 FS 














4 


2255. 175 


44328. 69 


a 3 D2— u 3 1 ? 2 














60 


2254. 953 


44333. 05 


a «D 2 -z 5 P§ 














20 


2252. 623 


44378. 90 


a 3 F 3 -r W\ 














250 


2252. 210 


44387. 04 


b 3 G 5 -tf 3 Gs 


76 







1.19 


1.19 


1.19 


100ft 


2250. 463 


44421. 49 


a 3 F 2 -t; 3 F5 














8ft 


2250. 005 


44430. 54 


a 3 F3— v 3 F5 














60 


2248. 282 


44464. 60 
















4 


2247. 188 


44486. 22 


a 8 D 2 — z 3 P 2 














20A 


2246. 98 


44490. 35 


bsQi-viQl 














20ft 


2246. 500 


44499. 85 


a Wi-v 3 D§ 














2 


2245. 15 


44526. 6 


a 3 P 2 -y J P! 














50 


2242. 58 


44577. 6 


aiDt-ziFz 














20/1 


2241.011 


44608. 83 


a iQt-u *Fl 














50ft 


2240.65 


44616. 


a 3 H 5 -w 3 GI 














2 


2238. 14 


44666. 


a 3 P a -» 3 F2 














2 


2237. 69 


44675. 


a »Pj-p *F3 














100 


2237. 496 


44678. 90 
















6ft 


2236. 95 


44689. 8 


a 3 Di-tt»Fa 














60 


2236. 724 


44694. 32 


a «D4-j/ 3 GS 














4ft 


2236. 43 


44700. 2 
















2 


2235.89 


44711.0 


a *F4-z »G5 














2 


2235. 66 


44715.6 


a *Fi~y iFi 














10 


2230. 85 


44812.0 


b 3 F 3 -« »F| 














4 


2230. 74 


44814. 2 


a 3 Fi-527§ 














2 


2230. 44 


44820. 2 


a «Dj-y 3 G? 














150ft 


2229. 716 


44834. 78 


a 3 H«— w 3 Gi 


76,1 







1.007 


(1. 157) 


1.187 


20ft 


2228. 986 


44849. 46 
















6ft 


2225. 547 


44918.76 


a 3 H4— w 3 Q\ 














30 


2224. 667 


44936. 53 


a *D 2 -l/ 3 Pi 














5 


2221. 415 


45002. 30 


o 3 F 2 -w 3 F 2 














10 


2219. 328 


45044. 62 


6»Pa-w 3 D! 














5 


2219. 163 


45047. 97 


a iTi-w 3 F! 














4 


2215. 29 


45126. 7 


a *Fa-w 3 F§ 














2 


2214. 87 


45135. 3 


a»Fs-y »FI 














7 


2211.274 


45208. 66 


a 3 Hs-w 3 G! 














20 


2210. 917 


45215. 97 


a sDi-y 3 PI 














50 


2210. 534 


45223. 80 


a»Fj-ziGS 














20 


2207. 182 


45292. 47 


c»Pi-y*S! 














5ft 


2206. 639 


45303. 61 


a iGi-t; 3 G°4 














100ft 


2203. 64 


45365. 3 
















6 


2203. 17 


45374. 9 


a «Do-y 3 PI 














1 


2202. 86 


45381. 3 


a 3 F<-u; 3 G| 














7 


2202. 01 


45398. 8 


a «Fi— w 3 F5 














6ft 


2201. 36 


45412. 2 
















60ft 


2199. 97 


45440. 9 
















8 


2199. 60 


45448. 6 


a *Fa-w 3 F§ 














20ft 


2196. 40 


45514. 8 
















7 


2192. 41 


45597. 6 


a «Fi-w 3 FS 














5 


2188. 14 


45686. 6 
















1 


2187. 66 


45696. 6 


6 »Fa-H »F! 














5 


2187. 03 


45709. 8 


o»F s -u 3 FS 














3 


2185. 87 


45734. 


6 3 F<-w 3 FJ 














4 


2185. 41 


45743. 7 


a«D s -l/ 3 Pi 














10 


2180. 67 


45843. 1 


«F 4 -t' 3 G| 














50 


2176. 76 


45925. 4 

















644098—45- 
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Table 1. — Second spectrum of columbium (Cb n) — Continued 







Wave 
















Intensity- 


X air A 


No. 


Term combi- 


Zeeman 


Sepa- 


Strong- 
est 


Strongest 






spark 




vac. 


nation 


type 


ration 


n 


Qi 


Qi 






cm-* 








P 








1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


40 


2175. 84 


45944. 8 
















4 


2172.41 


46017. 3 


a3D 2 -w 3 D5 














5 


2170. 72 


46053. 2 
















10 


2169. 89 


46070. 8 
















3 


2168. 18 


46107. 1 


aSDj-y'Pa 














50 


2167. 24 


46127. 1 
















3 


2163. 84 


46199. 6 
















6 


2163. 07 


46216. 


aSFs-x*D°2 














2 


2162. 63 


46225. 4 


aiPi-y iP! 














40 


2160. 34 


46274. 4 
















100 


2160. 27 


46275. 9 
















15 


2158. 14 


46321. 6 


a «F4— w 3 D§ 














30 


2156. 74 


46351. 7 


a &F 6 -x 3 Ql 














40 


2155. 62 


46375. 7 
















2 


2155. 14 


46386. 1 


a «Di-y 3PS 














7 


2154. 47 


46400. 5 
















10 


2154. 20 


46406. 3 


a fiFfi-j 3FS 














3 


2153. 30 


46425. 7 
















4 


2152. 06 


46452. 4 
















40 


2149. 54 


46506. 9 


a 3F3-495! 














5 


2149. 03 


46517. 9 
















15 


2148. 65 


46526. 1 


a «F 4 -500| 














30 


2147. 20 


46557. 6 
















3 


2144. 79 


46609. 9 
















2 


2144. 49 


46616. 4 


a 5F2-Z 3D5 














4 


2143. 20 


46644. 4 
















5 


2142. 91 


46650. 8 


a 3 D3-w 3 Di 














5 


2142.02 


46670. 1 
















3 


2141. 06 


46691. 1 


&3F 2 -W 3 D2 














2 


2140. 48 


46703. 7 


b*F2-v*Gi 














10 


2140. 39 


46705. 7 


a 8F 6 -z 3 G? 














10 


2138. 90 


46738. 2 
















5 


2138. 42 


46748. 7 


a 3P 2 -P 3D§ 














40 


2137. 55 


46767. 7 
















30 


2137. 05 


46778. 7 
















25 


2134. 95 


46824. 7 
















30 


2134. 71 


46829. 9 
















20 


2134. 49 


46834. 8 


a 5 F3— w 3 D§ 














4 


2133. 67 


46852. 8 


a*D4-w 3 F3 














2 


2133. 17 


46863. 7 


asp 2 -p3D! 














8 


2132. 83 


46871. 2 
















1 


2132. 02 


46889. 


a«Fi-j3D! 














60 


2131. 18 


46907. 5 


a *F 2 -4952 














3 


2129.00 


46955. 5 


a 8F 4 -z «GJ 














2 


2128. 21 


46972. 9 


asp 2 - W 3F 2 














60 


2126. 54 


47009. 8 


a 5F4-Z 3 F1 














60 


2125. 21 


47039. 2 


a 5F3-5003 














6 


2124. 34 


47058. 5 


a 5F2-Z 3 D! 














7 


2120. 52 


47143. 3 


a 5F 2 -w 3 D 2 














3 


2119. 99 


47155. 1 


a 5Pi-w 3 F 2 














4 


2119.63 


47163. 1 


a 5 Ps-m 3 F§ 














6 


2119.06 


47175. 7 
















20 


2118. 87 


47180. 


a 5Fi-495 2 














10 


2116. 39 


47235. 3 


a »Fs— w 3D§ 














5 


2114. 77 


47271. 4 
















50 


2113. 08 


47309. 2 


a 8F4-2 3GI 














10 


2110. 04 


47377. 4 
















150 


2109. 43 


47391. 1 
















2 


2108. 34 


47415. 6 


a s Fj— w*T>2 














2 


2108. 23 


47418. 1 


a 8F3-J 3 P2 














40 


2107. 27 


47439. 7 


a 5F 2 -500s 














20 


2103. 59 


47522. 6 


a sFs-z 3F| 














5 


2102. 12 


47555. 9 


a 5F 3 -z 3G§ 














3 


2101. 87 


47561. 5 


a *Ft>-z W 














7 


2099. 48 


47615. 7 
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Table 1. — Second spectrum of columbium (Cb n) — Continued 



Intensity 
spark 


A air A 


Wave 
No. 
vac. 
cm -1 


Term combi- 
nation 


Zeeman 
type 


Sepa- 
ration 


Strong- 
est 
V 


Strongest 
n 


Q\ 


Qi 


1 


2 


3 


4 


5 


6 


7 


8 


8 


10 


15 
5 

10 

20 

2 


2098. 05 
2097. 23 
2094. 95 
2090. 41 
2089. 36 


47648. 1 
47666. 7 
47718. 6 
47822. 2 
47846. 3 


a «P2-u 3 F§ 

a «F 3 -:r 3 GI 
a 8F3-Z 3 Pi 














1 
10 
15 

1 
3 


2085. 56 
2085. 37 
2084. 30 
2083. 51 
2082. 89 


47933. 4 
47937. 8 
47962. 4 
47980. 6 
47994. 9 


a 5Fi-z 3p§ 
a 3 Pi— v 3 D? 














6 
5 
10 
15 
30 


2081. 37 
2080. 33 
2080. 05 
2079. 71 
2076. 88 


48029. 9 
48053. 9 
48060. 4 
48068. 2 
48133. 7 


a »P3-?t 3 F? 
fi F5— v 3 FJ 














4 
2 
5 

10 
15 


2074. 32 
2073. 33 
2072. 07 
2065. 71 
2064. 21 


48193. 1 
48216. 1 
48245. 5 

48394. 

48429. 1 


a *Fi—x 1D2 
a «F 4 -p »F3 














2 
15 
20 
4 
5 


2061.97 
2061. 45 
2057. 05 
2054. 19 
2051. 16 


48481. 7 
48494. 
4S597. 7 
48665. 3 
48737. 2 


a 3 Gs-w 3 FS 
a 5 F4— v 3 F< 














10 
10 

1 
1 

1 


2050. 93 
2049. 89 
2048. 70 
2047. 44 
2044. 41 


48742. 7 
48767. 4 
48795. 7 
48825. 7 
48898. 1 


a 3 G4-w 3 F5 
a »Fi-y 1D2 
a *F3-P 3 FS 














5 
1 
4 
4 
10 


2044. 22 
2044. 02 
2043. 53 
2043.18 
2037. 95 


48902. 6 
48907. 4 
48919. 2 
48927. 5 
49053. 1 


a 5 'F'i— v 3 F§ 














20 
30 
10 
3 
3 


2032. 99 
2029. 33 
2025. 31 
2019. 79 
2018. 67 


49172. 7 

49261. 4 
49359. 2 
49494. 1 

49521. 5 


a «F4-527§ 

a '°Fz—w 3 P§ 
a SF4-2/ ! Fs 
a 3 G 5 -» 3 G5 














5 
1 

10 
3 
6 


2017. 28 
2016. 67 
2016. 05 
2015. 69 
2011.99 


49555. 6 
49570. 6 
49585. 9 
49594. 7 
49685. 9 


a«Fi-p 3 F2 
c «F2-w 3 Pl 

a 5F3-5271 














7 
7 
5 
4 
3 


2008. 99 
2008. 46 
2005. 02 
2004. 76 
2002. 41 


49760. 1 

49773. 2 
49858. 6 
49865. 1 
49923. 6 


a «Fi-w 3 Po 















2. TERMS OF THE CB 11 SPECTRUM 

The established terms (atomic energy states) of the Cb 11 spectrum 
are described in table 2, in which successive columns show (1) the 
electron configuration responsible for the term, (2) term symbols, 
(3) level values, (4) level separations in polyfold terms, (5) ^-values 
derived from the Zeeman effect, and (6) observed combinations. All 
level values are relative to (4rf 4 ) a 5 D =0.00. The total number of 
levels is 183, of which 27 represent singlet terms, 116 comprise 40 
triplet terms, 37 belong to 9 quintet terms, and 3 are fragments of 
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d 2 sp terms. Negative signs in column 4 show that 2 polyfold terms 
are inverted and 14 partially inverted. The remainder are regular, 
but many violations of the rule that intervals are proportional to the 
larger j-values occur. Of special interest is the term z 5 D°, whose 
fourth interval is abnormally small. Attention was called to the same 



abnormality in the analogous Vn spectrum 
also extremely irregular in both cases. 



[7]. The term y 5 D° is 



Table 2. — Terms of the Cb n spectrum 



Electron 
configura- 
tion 


Term 
symbol 


Level 


Differ- 
ence 


Observed 
Q 


Combinations 


1 


2 


3 


4 


5 


6 


d< 


a«Do 

a8D 2 
a5D 3 
a«D 4 


0.00 

158. 99 
438. 38 
801. 38 
1224. 87 


158. 99 
279. 39 
363. 00 
423.49 


0/0 

1.500 

1.490 

1.486 

1.495 


z 8 P°, z «D°, y !D°, z *F°, z «G°, z 3P°, y 3P°, z 3D°, 
\ y 3D°, z 3F°, x 3F°, w 3F°, z 3Q°, y ZG°, z m°, 
y m°, z iF°, z iG°, y »Q°. 


(1*8 


a«F 3 

a«F* 
a«F 6 


2356. 76 
2629. 07 
3029. 57 
3542. 50 
4146. 00 


272. 31 
400. 50 
512. 93 
603. 50 


0.000 
.996 
1.248 
1.350 
1.390 


1 Z *D°, Z *F°, Z «G°, Z 3P°, y 3P°, x 3P°, W 3P°, Z 3D°, 
1 y 3D°, x 3 D°, W 3D , U 3D°, Z 3F°, y 3F°, % 3F°, 

[ w 3F°, u 3F°, z 3G°, y 3G°, x 3G°, w 3Q°, y iD°, 
j y iF°, z iG°, z il°, 495°, 500°, 527°. 


d* 


a 3 Po 
a3Pa 


5562. 26 
6192. 33 
7261. 33 


630. 07 
1069. 00 


0/0 

1.495 

1.450 


[z «S°, z »P°, z «D°, y «D°, z «F°, z 3S°, y 3S°, 2 spo f 
J y 3p°, x 3P°, z 3D°, y 3D°, a: 3D°, w 3D°, u 3D°, 
I z 3 F°, u 3F°, z 3Q°, z 3Q°, z ip°, y 1 P°, 500°. 


d*s 


a*Ft 
a3F$ 
a3F 4 


7505. 78 
7900. 65 
8320. 40 


394. 87 
419. 75 


.712 
1.070 
1.230 


fz «P°, z «D°, y «D°, z «F°, z *G°, z 3S°, y ^S , z 3p°, 

J/ 3P°, X 3P°, Z 3D°, 2/ 3D°, X 3D , W 3D , U 3 D°, 

J 2 3F°, y 3F°, a; 3F°, to 3F°, u 3F°, 2 3G°, y 3G°, z 3G°, 
w 3q°, u 3G°, y 3 H°, z iP°, z iD°, y 1 D°, x iD°, 
I z iF°, y iF°, y iG°, 495°, 527°. 


d* 


ami 
am<i 


9509. 67 
9812. 56 
10186. 41 


302. 89 
373. 85 


.825 
1.050 
1.157 


[z *D°, z «F°, z «G°, z 3D°, y 3D , » 3D°, w 'D°, z 3F°, 
1/ 3F°, x 3F°, w 3F°, a 3F°, z 3Q°, y 3Q , % 3Q°, W 3Q°, 
u 3 g°, z 3H°, y 3H°, z 31°, z iF°, y iF°, z iQ°, y iG°, 


d< 


a^Gz 
a*Gi 
a3G 6 


10247. 04 
10604. 28 
10918. 52 


357. 24 
314. 24 


.765 
1.052 
1.180 


fz «P°, z «D°, z «F°, z «G°, w sp , z 3D°, y 'D , x 3D , 
w 3D , t; 3D°, z 3F°, y 3F°, x 3F°, w 3F°, f 3F°, u 3F°, 

{ 2 3Q°, y 3Q°, 2T 3G°, W 3G°, ft 3Q°, 2 3H°, y 3H°, 

2 3p, z iD°, y iD°, z iF°, y iF°, z iG°, y iG°, z »H°, 
I 2il°, 527°. 


d*s 


a»Pi 
asp 2 
a«P 3 


10653. 40 
10835. 85 
11339. 56 


182. 45 
503. 71 


2.477 
1.815 
1.663 


fz *S°, z «P°, z «D°, y «D°, y 3S°, z 3p°, y 3p° f x 3p°, 
1 m; 3 P°, z 3D , y 3D°, 2; 3D°, w 3D , p 'D , z 3F°, 
i y 3F°, x 3F°, w; sp , sf°, u 3F°, y 3G°, x 3G°, z iS°, 
[ y iP°, z iF°, y iF°, 527°. 


d* 


aiDj 


12263. 26 




1.003 


fz «S°, z «P°, y «D°, z 3 P°, y 3p°, x sp , y 3D , x 3D , 
J w 3D°, v 3D°, z 3 F°, y 3 F°, a; 3F°, » 3 f°, y 3Q°, 2: 3G°, 
1 2iP°,yiP°, ziD°,y iD ,ziD°, ziF°,yiF°,a:iF , 
I 527°. 


d* 


6 3Fj 

&3F S 


12805. 98 
13690. 20 
13665. 68 


884. 22 
-24.52 


.849 
1.150 
1.152 


fz *D°, y «D°, z 5F°, z «G°, z »S°, z 3p°, y 3p« f ^ spo, 
z 3D , y 3D°, j 3D°, w 3D , t? 3D°, u 3 D°, z 3F°, 
y 3F°, w 3F°, 3F°, u 3F°, z 3Q°, y 3Q°, x 3Q°, 
w 3G°, u 3G°, z 3H°, y 3H°, z ip°, y ip°, z iD°, 
y iD°, z iF°, y »F°, a! iF°, z 1G , y iQ°, i'G°,z iH°, 

, y iH°, 500°, 527°. 


d* 


a3Di 
a3Dj 
a3D 3 


13118. 62 
13479. 50 
13054. 69 


360. 88 
-424. 81 


.512 

1.002 
1.246 


fz «S°, y «D°, z 5F°, z «G°, z 3S°, z 3p°, y spo, x 3P°, 
z 5D°, y 3D°, x 3D°, w; 3D , v m° t u 3D , z 3F°, 

I y 3F°, 2; 3F°, w 3F°, » sp , u 3F°, z 3G°, y 3 G°, x 3G°, 
w 3Q°, y 3H°, z iS°, z iP°, y iP°, z iD°, z »F°, y I F°, 

I x iF°, 500°, 527°. 


d*s 


&3p 
6 3p, 

6 3P, 


14678. 40 
14626. 26 
14660. 77 


-52. 14 
34.51 


0/0 

1.504 

1.483 


fz «S°, z sp°, y 5D°, z 3S°, y 3S°, z sp , y spo, a: apo f 
I y 3D , 2; 3D , w 3D°, » 3D , u 3D°, y 3F°, « 3F°, 
i y 3G°, 2: 3G°, w 3G°, z ip°, y ip°, z iD°, y 1D , 
[ x iD°, z iF°, y iF°, 2: iF°, 527°. 


d* 


aiQ 4 


14790. 79 




1.083 


fz *p°, z 8D°, y SD°, z 6F°, z 3D , y 3D , c 3D , z 3F°, 
J y 3F°, «? 3F°, u 3F°, z 3G°, y 3G°, w; 3 g°, u zq°, 
\ z m°, y m°, z 31°, y iF°, x iF°, z iG°, y iQ , 2; iQ°, 
I ziH°, yiH°. 
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Table 2. — Terms of the Cb n spectrum — Continued 



Electron 
configura- 
tion 



1 



d« 
d»t 

(1*9 

d* 

d* 
d*s 

d 3 * 



d*8 



d*s 



d 3 * 



d* 
d* 

d 3 p (*F) 



d^ p OF) 
d 3 p («F) 

d 3 p OF) 



Term 
symbol 



ails 

6 3 Gi 
& 3 G 4 
6»Gj 



6iG 4 



o'Se 

6 3 H 4 
b 3 H 5 
6»B« 



aiF 3 



6«Di 
6 3 D 8 
o 3 D 3 



c»Po 
c»Pi 
c»Pj 



aiPi 



c 3 Fj 
c*F| 
c 3 F« 



oiH 5 



6 IDs 



d»Fj 
d 3 F 3 
d3F< 

d*Po 
d'Pi 
d»Pa 

c»Gi 

c^Dj 

MFi 

z»GS 
z«Gl 
z«GJ 

Z«G°4 

z*G§ 

z 3 Df 
z 3 DS 
z»D§ 

z»FI 
z«F5 
z«F| 
z»F2 
z*FS 

z*D5 
z*D! 
z5D5 

Z»D| 

z«DJ 



Level 



15396. 10 

15551.30 
15949. 40 
16052. 72 



17202. 72 

17469. 77 
17292. 49 
17424. 88 



18508. 15 



18819.57 
19351. 98 
19689. 54 



20347. 55 
21039. 56 
21511. 46 



20437. 68 



20657. 82 
21117.47 
21472. 52 



21073. 05 



24332. 87 

25414. 24 
25353. 66 
25357. 50 

28001. 37 
27794. 15 
27282. 18 

29634. 24 

31064. 80 

31762. 31 

SS351.00 
88919. 20 
84652. 00 
85474. 17 
86455. 47 

84886. S3 
85520. 83 
86553. 27 

86781. 79 
36962. 76 
37376. 91 
87528. 89 
88024. 82 

37298. 20 
87480. 08 
87797. 29 
88216. 37 
88291. 25 



Differ- 
ence 



398. 10 
103. 32 



-177. 28 
132. 39 



532. 41 
337. 56 



692. 01 
471. 90 



459. 55 
355. 05 



-60. 58 
3.84 



-207. 22 
-511.97 



568. 20 
712. 80 
842. 17 
981.30 



634.50 
1032. 44 



230. 97 
414. 15 
151. 48 
495. 93 



181. 83 
317. 26 
419.08 
74.88 



Observed 




1.000 

.767 
1.027 
1.190 



.950 



0/0 

.880 
1.052 
1.154 



.681 
1.171 
1.312 



0/0 

1.218 

1.468 



1.115 



.670 
1.080 
1.240 



.98 



.71 

.93 



0/0 

1.49 

1.49 



1.01 

.345 

.913 

1.152 

1.250 

1.31 

.420 
1.138 
1.311 

.122 
1.023 
1.266 
1.325 
1.357 

0/0 

1.460 

1.469 

1.466 

1.473 



Combinations 



x «G°, to 3 G°, u 3 G°, z 3 H°, z 3 I°, z m°, y m°, z il°. 

z *P°, z *D°, y ! D°, z «F°, z 3 P°, z 3 D°, y 3 D°, x »D°, 
v 3 D°, u »D°, z 3 F°, y 8 F°, x 3 F°, w 3 F°, u 3 F°, 
z 3 G°, y »G°, x 3 G°, w «G°, u 3 G°, z *H°, y 3 H°, 
z iD°, z iF°, y 1F , x iF°, z iQ°, y iG°, z iH°, y »H°. 

[z «P°, y »D°, y 3 D°, z 3 F°, y 3 F°, x 3 F°, w 3 F°, u 3 F°, 
y 3 G ,x5G o ,w;»G o ,u»G o ,!/ 3 H o ,z 3 I ,ziF o ,yiF r 
I x iF°, y iG°, x iG°, z »H°, y iH°, 500°, 527°. 

y «D°, y 3 S°, x »P°, x 3 D°, z iP°, y ip°. 

y 3 D°, «D°, z 3 F°, y 3 F°, a; 3 F°, w 3 F° f tf 3 po t u i F o ( 
y 3 G°,i 3 G°, w 3 G°, « 3 G°, z »H°, y m°, z *l°, 
z iF°, x »F°, z *G°, y iG°, a; iG°, y >H°, z il°, 627°. 

fy B D°, y*P°, I'D , z 3 F°, w*¥°, v 3 F°, z 3 G°, 
1 x 3 G°, w 3 G°, a; 'D , y 1F , z iQ°, y 'G°, x iG°. 

fz 8S°, z «P°, y *D°, z «F°, z 3 S°, z 3 P°, y 3p o > z 3p o f 
«; »P°, y 3 D°, a: »D°, w 3 D°, v 3D°, u 3 D°, z 3 F°, 
y 3 F°, a: 3 F°, w 3 F°, » spo^ u iF o^ y iq 0> z 3 q 0> 
m 3 G°, y 3 H°, z iD°, y iD°, a; 1D , z iF°, y iF°, 

[ z»G°, yiG°. 

z »S°, y «D°, z 3S°, y 3 S°, z 3 P°, y 3 P°, a: 3 P°, y 3 D°, 
l! a: 3 D°, w »D°, v 3 D°, u 3 D°, y 3 F°, ar 3 F°, w 3 F°, 
c 3 F°, y »G°, z iS°, z ip°, y iP°, z 'D , x 1D . 

fy «D°, z »S°, z 3 P°, y 3 P°, x «P°, y 3 D°, ^D ,w »D°, 
' y 3 F°, r 3 F°, u 3 F°, z iS°, z ip°, y 1P , z iD°, 
[ z ID , 495°. 

z «D°, y «D°, z »F°, z »P°, y 3 P°, x 3 P°, z 3 D°, y 3 D°, 
x 3 D°, ^ 3 D°, v 3 D°, u 3 D°, z »F°, y 3 F°, a; 3 F°, 
w 3p°, p 3F°, « 3 F°, z 3Q°, y »G°, x 3G°, w; 3 G°, 
w 3 G°, y 3 H°, z iP°, y ip°, z iD°, y 'D°, z 1F , 

[ y iF°, x iF°, 500°, 527°. 

y «D°, y 3 F°, w 3 f°, y «G°, a: »G°, w 3Q°. w 3 G°, 
z 3 H°, y 3 H°, z 31°, 2 1G , y iG°, z 1G , y »H°, z il°. 

z 3 P°, a: 3 P°, y »D , x 3D°, w; 3 D°, c 3 D°, spo, M 3p°, 
x 3 G o f y i po> y i D o ? y i FO> 5270> 

y 3 P°, a: 3 P°, a; 3 D°, w 3 D°, » 3 D°, u 3 D°, y 3 F°, 
a; 3 F°, w 3 F°, p spo^ u 3F0> x 8Q0> , w 3 Q° f w 3 q°, 
yiF ,a;iF o , 500°, 527°. 



y «D°, y 3S°, a: 3 P°, % 3 D°, w; 3D , w 3 D°, 495°. 

p 3 D°, y 3 F°, y 3 H°, z iF°, x »F°, y 'G°, a; 1G , y »H° 

y »D°, y iP°, y 3 S°, 527°, x iF°, a; iD°. 

» »F°, xo 3 G°, y iD°, x iD°, a: iF°, z 1G , y 'G , a; iQ° 

>a *D, a »F, a «D, 3 F, 6 3 F, a »G. 



a »P, a 8 D, a »F, a 3 P, a 3 D, a 3 F, b 3 F, c 3 F, a 3 G, b 3 G , 
' a 3 H, aiQ. 



a »D, a »F, a 3 P, c 3 P, a 3 D, 6 3 D, a 3 F, 6 3 F, c 3 F, a ^G, 
' 3 G, a 3 H, aiG. 



^a *P, a »D, a «F, a 3 P, a 3 F, 6 3F, c *F, a 3 G, 6 3 G, a 3 H , 
a^G. 
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Electron 
configura- 
tion 



Term 
symbol 



Level 



Differ- 
ence 



Observed 
9 



Combinations 



1 



d 3 p (4F) 

d«p («F) 

d 3 p (*P) 
& p (2P) 
d 3 p (*P) 

d 3 p (3Q) 

d 3 p OP) 

d 3 p (*P) 

d 3 p OP) 

d 3 p (*P) 

d 3 p (2Q) 
d 3 p (2Q) 

d 3 p (*G) 

d 3 p (2Q) 
d 3 p (2D) 

d 3 p (2P) 
d 3 p (*P) 
d 3 p (2H) 

d 3 p (2D) 

d 3 p (2H) 

d 3 p (2Q) 
d 3 p (2P) 



z 3 G§ 
z 3 G$ 
z«GS 

z 3 F5 
z 3 F5 
z 3 FI 

2 iS5 
ziDS 



y«D8 

y «DI 

y *D2 

y»D| 
y«DI 

z 3 HI 
z»H! 
z 3 H$ 

V z Dl 
j/ 3 D5 
1/ 3 D§ 

z«Pf 

z*P2 
z«Pi 

z 3 PS 
z 3 P! 
z 3 P3 

1/ 3 P5 

ym 

I/3P2 

1/ 3 F5 
y 3 FS 
y8FJ 

y 3 G| 
1/ 3 G? 
2/ 3 Gs 

z»F| 

z 3 F! 
z 3 F§ 
z 3 FS 



Z8S2 

I/ 3 H2 
1/ 3 H$ 
y 3 Hg 

w) 3 Fz 
w 3 F§ 
w> 3 F| 

z 3 IS 
z 3 Ig 
z 3 I? 

ziQS 



ziPi 



S9SS5. SO 
40103. 61 



.40 
S9779. 95 
40561. 00 

39791. 90 



41710. 15 

42598. 58 
42182. 70 
43618. 35 
43887.00 
44970. 73 

42868. 97 
43567. 93 
44582. 40 



.19 

43290. 84 
44638. 77 

43450. 00 
44226. 81 
44771. 47 

44286. 00 
44066. 65 
44924. 59 

45206. 59 

45374. 96 
46545. 28 

45342. U 

45655. 84 
46428. 63 

46295. 61 

45919. 08 

45621. 97 

46499. 62 

4580%. 49 

46843. 10 
46949. 47 
50652. 26 

46358. 94 

47072. 92 

47345. 18 
48500. 80 
48770. 90 

47755. 76 
48077. 67 
48627.20 

48180. 50 
48617. 49 
49889. 78 

48253. 44 



48620. 41 



650. 34 
768. 31 



795. 55 
781. 05 



-463. 88 
1485. 65 
268. 65 
1083. 73 



698. 96 
964. 47 



-358. 85 
1348. 43 



776. 81 
544. 66 



-219. 35 
857. 94 



168. 37 
1170. 32 



772. 79 
-133.02 



-297. 11 
877. 65 



606. 37 
3602. 79 



1155.62 
270. 10 



321.91 
549. 53 



486. 99 
772.24 



.764 
1.072 
1.234 

.691 
1.088 
1.260 

0/0 

1.312 

0/0 

1.385 

1.347 

1.447 

1.480 

.810 
1.040 
1.167 



1.227 
1.035 

2. 255 
1.745 
1.562 

0/0 

1.230 

1.253 

0/0 
1.765 
1.506 

1.018 

.740 
1.123 
1.111 

1.014 
1.126 
1.171 



.43 
1.00 
1.22 

1.821 

1.940 

.963 
1.038 
1.132 

.63 
1.065 
1.100 

.870 
1.051 
1.15 



a *D, a «F, a 3 P, a 3 D, a S F, b 3 F, c 3 F, a 3 G, 6 3 G, a 3 H, 
iF, a >G. 



a »P, a 3 D, a »F, a 3 P, a «D, b 3 D, a 3 F, b 3 F, c 3 F, a 3 G, 
6 3 G, a 3 H, 6 3 H, iD, a iF, a iG, 6 iG. 

a «P, c 3 P, a 3 D, iP. 

fa »P, a «D, b 3 P, c 3 P, a 3 D, b 3 D, 3 F, b 3 F, c 3 F, a 3 G, 
\ 6 3 G, aiP, a iD, 6 iD. 



K a *P, c «D, a 3 P, 6 3 P, c 3 P, d 3 P, a 3 D, 6 3 D, a 3 F, 3 F, 
c 3 F, 6 3 G, a iS, a ip, a *D, a iF, a 'G, b iQ, a *H. 



■a SD, 6 3 F, a 3 G, 6 3 G, a ^H, 6 3 H, a 'G, 6 *G, ^H, a IL 



a lp, a *D, a «F, 6 sp, c 3 P, a 3 D, 6 3 D, a 3 F, 6 3 F, c 3 F, 
a 3 G, 6 3 G, a sh, 6 3 H, a ip, a *D, 6 *D, a iQ, 6 iG. 



a «P, c «D, a 3 P, 6 3 P, g 3D, a 3 F, a 3 G, 6 3 G, a 3 H, 
aiD, aiG, 6iG. 



a «P, a 5D, a «F, a 3 P, 6 3 P, c 3 P, a 3 D, 6 3 D, a 3 F, 6 »F. 
I c 3 F, 6 3 G, flip, iD, 6 iD. 



a 5 P, a »D, a «F, a 3 P, 6 3 P, c 3 P, a 3 D, 6 3 D, a 3 F, 6 3 F, 
[ c 3 F, d 3 F, flip, a iD, a iF. 

a »F, 6 »F, a 3 G, 6 3 G, a 3 H, b m, a iQ, 6 »G, a »H, a II. 

o «P, fl «F, 6 3 P, c 3 P, a 3 D, 6 3 D, a 3 F, 6 3 F, c 3 F, d 3 F, 
r a 3 G, 6 3 G, a »H, 6 3 H, a ip, a ^D, a iG, b iG, c iQ, 
aiH. 

a «P, a 8D, a «F, 6 3 P, c 3 P, a 3 D, 6 3 D, a 3 F, b 3 F, c »F, 
a 3 G, 6 3 G, a 3 H, 6 3 H, o iD, a >G, 6 »G, a iH. 



/a *P, a «D, 6 3 P, c 3 P, a 3 D, 6 3 D, a 3 F, 6 3 F, c 3 F, 
\ 6 3 G, a 3 H, b 3 H, fl iD, a iF, b iF, 6 *G, c iG. 



,fl 3 G, 



a «P, a »F, c »P, a 3 D, 6 3 D, a 3 F, c 3 F, d 3 F, a 3 G, a 3 H, 
6 3 H, a iD, &iG. 



a 3 P, 6 3 P, c 3 P, a 3 D, 6 3 D, a »F, 6 3 F, a ip. 
a «P, a 3 P, 6 3 P, c »P, a 3 D, 6 3 D, a ID. 

a «D, a 3 D, 6 3 D, a «F, 6 3 F, c 3 F, a 3 G, 6 3 G, a 3 H, 
6 3 H, aiG,6iG, ciG,aiH. 

a «P, a «D, a «F, c 3 P, d »P, fl 3 D, 6 »D, a 3 F, 6 3 F, 
c 3 F, d 3 F, fl »G, 6 3 G, a 3 H, b 3 H, 6 iD, a iF, o iG, 
6iQ, am. 

a 3G, 6 «G, fl 3 H, 6 3 h, a »G, b iG, a 'H, a O. 

fa «D, a 8F, 6 3 D, a 3 F, 6 3 f, o 3 G, 6 3 G, a 3 H, 6 3 H, 
\ fliF,6iF,fliQ, aiH. 

fa 3 P, 6 3 P, c *P, a 3 D, 6 3 D, a 3 F, 6 3 F, c 3 F, fl iS, a ip, 
\ fliD. 
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Electron 
configura- 
tion 



Term 
symbol 



Level 



Differ, 
ence 



Observed 
Q 



Combinations 



da p (2H) 

d*sp 
d i sp 

d»p(*D) 

d* sp 
d* p OD) 

d* p OH) 

d» p (»D) 
dSpOH) 

rf3 p (2D) 

rf3 p OF) 

d 1 sp 

<P p OP) 

d J 5p 

d* p («H) 
d» p («D) 

d«p(2F) 
(Up OF) 

d' p OF) 

d' p OF) 
d=» p OF) 
d« *p OF) 

d» *p OF) 

d2 sp OF) 



iMGi 



4955 
x3D! 

X3D.3 

«;3D! 
«;3D| 

W?3DJ 

5005 

j3Po 
x*P\ 

a;30| 
x*Q\ 
x*G\ 



IMP! 

t>»F$ 
r3F5 

P3FJ 

w;3P5 

w»Pi 
w;3P2 

y3S! 
5271 

yiFi 



w*Gl 
w 3QS 
10 »G| 

p3D! 
f7»D5 

»3D§ 



j iD! 

jiGJ 

«3F! 
w3F§ 
w3FI 

w3DJ 
w3D5 

W3D$ 
P3Q§ 

p3G? 

F *GJ 



49536. 62 

49687. 72 
492^5. 55 
49759. 19 

49738. 45 
49772. SO 
49864. 25 

50068. 70 

50295. 20 
50474. 92 
50447. 36 

50585. 31 
50851.70 
50497. 90 

51182.16 



51707.49 
51787.87 



51927. 28 
51936. 39 
52279. 64 

52129. 80 
52214. 85 
52388. 59 

52558. 90 

52714. 88 



52788. 10 
58085. 95 



58702. 02 
54428. 57 
55021.20 

54172. 60 
54124. 80 
54009. 50 

55460. 54 



65721. 74 

67145.26 

67808.85 
58502. 43 



-442. 17 
513. 64 



38.85 
91.95 



179. 72 
-27. 56 



266. 39 
-353. 80 



9.11 
343. 25 



85.05 
173.74 



726. 55 
592. 63 



-47. 80 
-115.30 



69622, 26 
59497. 02 
69705. 50 

59509. 23 
60094. 50 
60439. 75 



694. 08 
897. 37 



-125.24 

208. 48 



585. 27 
345. 25 



.820 
1.257 
1.288 

.616 
1. 167 
1.308 



0/0 

1.202 

1.360 

.811 
1.171 
1.188 

. 965 

1.010 

1.13 

.80 
1.085 
1.261 

0/0 
1.43 

1.44 

1.820 
1.415 

1.006 
1.036 



1.062 
1.180 

.527 
1.164 
1.200 

1.06 



1.000 
1.000 



1.25 
1.34 

.64 
1.19 
1.33 



(a «D, ft 3D, a 3F, ft «F, c 3F, a *G, ft 3G, a W, b m, 
\ a iF, 6iF, aiG, ft iG, c iQ, a iH. 

o«F, dsp, a 3F, a3Q, aip. 

a *F, a sp, 6 sp, c sp, d sp, a 3D, 6 3D, a 3F, b 'F, 
c 3 F, d 3 F, a 3Q, 6 3Q, a is, a ip, a iD, b *D, a iF. 



a *P, a 5F, a sp, b 3p, c 3 P, d 3p, a 3D, b 3 D, a 3F, 
6 sp, c 3F, d 3F, a 3G, a iP, a ID. 

a »F, a sp, c 3P, a 3D, b 3F, c 3F, d 3F, b *G. 

a «P, a «F, a sp, 6 ip, c sp, a «D, 6 3D, a 3F, 6 3F, 
c3F, aiP,aiD. 

a «P, a «F, a sp, 6 »P, »D, b 3D, a 3F, 6 3F, e 3 F, 
d 3F, a 3G, 6 3Q f a ih, b m, a iD, 6 ID, a iF, 6 iQ, 
a >H, a II, 

a «F, 6 sp f c 3p, a «d, 6 3D, a 3F, 6 3F, c »F, d 3F, 
[ a3Q, a ID, 6 ID, 6 IF. 

a «F, a 3Q, a 3H, b m, a iH, a ij, 

*P, a sp, b sp, c sp, d sp, a 3D, 6 sp, c 3 F, a IS, 
. aiP, a iD, 6 iD. 

la »P, a «F, a sp, c sp, a 3D, 6 sd, a 3F, 6 3F, c *F, 
[ d »F, a SQ, a 3H, 6 sh, a IP, a ID, 6 *D, a IF, 6 'F. 

a»P, a»F, 6 3D, C 3F, a3G. 



a «P, 3P, 6 3P, c sp, d sp, a 3 F, a ig.. 

a «P, a «F, 6 »P, a 3D, a 3F, 6 3p, c 3F, d 3F, sq, 
6 3H, a iD, ftiQ. 

b 3F, c 3F, 6 3Q, b m, a 'G, b 'G, c 'G, a >H, a a. 

a sp, a «F, 6 sp, a 3D, b 3D, a 3F, b 3F, c 3F, d 3F, a 3G, 
6 3Q, a 3H, ID, 6 iD, a iF, a iG, 6 iG. 

a «F, 6 sp, a 3D, a 3F, b 3F, c 3 F, d 3F, a 3Q, 6 sq, a 3H, 
6 3H, a iD, a iF, 6 JF, a iG, 6 iQ, a m, a »L 



a 5 P, a «F, a »P,6 3p, c 3 P? a sd, & 3D, b 3F, c »F, d »F, 
a 3G, & 3Q, a 3H, b m, a iD, b 'D, a »Q, c iQ. 

b sp, a 3 D, b 3F, c 3F, d »F, b 3Q, 6 3H, a iD, 6»F,6 »G, 
ciG. j 

6 sp, c sp, 6 3 D , a 3F, c ip, a *D, 6 »D, a 'F, b ^F. 

& sf, b SH, a iF, ft iF, a iG, 6 iG, a iH. 

a «P, 6 sp, fl 3D, b 3D, a sp, 6 3F, C 3F,d3F,a3G,o3G, 
' &3H, a iP, 6 iD, aiQ, &»G. 



& sp, c sp, d sp, a sd, 6 3D, a *F, b SF, c »F, d*F, b »G, 
a3H. 



6 sd, a 3F, ft sf, c 3F, d *F, a 3 G, ft 3Q, a sh, 6 sh, a ' G , 
ft'G, ciH. 
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The observed (/-values (magnetic splitting factors) entered in column 
5 of table 2 may be compared with Lande values for ZS-coupling by 
referring to published tables [17]. Many departures from theoretical 
iS-values will be noticed, but the larger deviations apparently result 
from (/-sharing rather than from ^'-coupling. An interesting example 
is z 5 Fi the #-value of which is observed to be 0.122 instead of 0.000 
as required by theory. There are two other levels, z Z T)\ and z 6 DJ, 
associated with z 5 F° ly and their deficiency in theoretical g- value 
amounts to 0.120. Summing all #- values for levels ascribed to given 
electron configurations leads to the following results. The <?-sum for 
38 levels originating with d 4 is 33.016, compared with the Lande sum 
33.000. The sum for 75 levels ascribed to d z p is 104.23, compared 
with the Lande sum 105.00. 

The combining properties of the terms are -displayed in the last 
column of table 2. All combinations obey the selection rules AZ=0, 
±1, ±2, ±3, and AJ=0 (except to 0), ±1, but, as usual, not all 
permitted combinations have been observed, either because of low 
intensity or masking by stronger lines. The total number of observed 
combinations of terms is 619, of which 60 are singlet-singlet, 238 
triplet-triplet, 12 quintet-quintet, 174 singlet- triplet, 24 singlet- 
quintet, 89 triplet-quintet, and 22 with 3 unidentified odd levels. 

Since the number of levels and combinations was greatly increased 
in this analysis as compared with the earlier one [5], it was necessary 
to adjust some of the older values. Three of the old levels (11047.15, 
40231.97, 44936.01) were not confirmed by the Zeeman effect— they 
have been replaced by genuine levels. 

3. ELECTION CONFIGURATIONS, THEORETICAL AND OBSERVED 

TERMS 

Columbium has atomic number 41 and the extra-nuclear structure 
of neutral columbium atoms is represented by Is 2 2s 2 2p Q 3s 2 Sp 6 3d 10 
4s 2 4^? 6 4d 4 5s (see below). Chemical valence and the first optical 
spectrum (Cb i) are associated with the last five electrons, and if one 
of these is removed by ionization, the ion may emit the second spectrum 
(Cb n) characteristic of four valence electrons. These four may be 
distributed in various ways, and each configuration produces a 
different family of (even) spectral terms (atomic energy states) as 
follows: 

4^V(SDG), 3 (PF), HSDFGI), 3 (PDFGH), 6 (D). 

4cZ 3 5s, l « 8 (D), ^(PDFGR), 3 > 5 (PF). 

4d 2 5s 2 , ! (SDG), 3 (PF). 

In this analysis of the Cb n spectrum, all the 4c? 4 terms have been 
found except the highest *S, all the 4cP 5s terms except the highest 
1,3 (D), but no trace of 4d 2 5s 2 terms that yield the ground state of the 
Zr i spectrum, which Cb n should resemble, according to the dis- 
placement law. Similar results were reported and explained for the 
Vn spectrum [7]. 

Almost all the observed Cb n lines arise from combinations of the 
levels from (even) 4rf 4 or Ad 3 5s configurations with excited states 
associated with (odd) configurations 4rf 3 5p or Ad 2 5s5p. The predicted 
and observed terms from these configurations are displayed in table 3. 
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The lines remaining unclassified are too scattered and few to fix 
further terms with certainty. Efforts to use them for this purpose, 
in particular to find series-forming terms from the configuration 
4g? 3 6s, proved futile, and it appears that the spectroscopic ionization 
potential of Cb + cannot be determined without study of the Cb n 
spectrum from a source that favors the development of series terms. 
The evidence from other spectra indicates that the principal ionization 
potential of Cb + will be about 14 volts. 

Table 3. — Cb n predicted and observed terms 



Electron 
configu- 
ration 



4d* 



4</*5s 



id 3 5p 



4d 2 55 bp 



Limit 
Cbm 



<F 
<P 
»P 
«D 

2F 

*G 
JH 
( 2 D) 

4F 

*P 

3p 

*D 

2F 
2G 

m 

( 2 D) 

*F 
<P 

*S 
ap 

2D 
2p 
2Q 



Predicted 



*D, 3(PF) 

»(PDFGH) 

i(SDFGI) 

i(SDG) 

«P,3P 

3P,1P 

3D, ID 
3 F, iF 
»G,iG 
3H,iH 
3D, ID 



KDFG), 
«(SPD), 
3(SPD), 
'(PDF), 
3(DFG). 
3(FGH) 
8(GHI) 
'(PDF) 



8(DFG) 
3(SPD) 
KSPD) 
KPDF) 
i(DFG) 
;i(FQH) 
,i(GHI) 
, i(PDF) 



6(DFG),«(DFG) 
«(SPD),3(SPD) 

3P.1P 

3(SPD),KSPD) 
3(PDF),'(PDF) 
8(DFG),i(DFG) 
»(FGH),i(FGH) 



Observed 



a «D, d 3P, c 3F 

asp, a 3D, 6 3F,o3Q, a 3H 

a»S, a iD, a iF, a iG, ail 

._, c iD, ciQ 

a»F, a3F 
a »P, c 3 P 
MP, a iP 
b 3D, b »D 
d*F, 6 IF 
6 3Q, ftiG 
6'H, aiH 



2 «D°, 2 5F°, 2 «G°, 2 3D°, 2 3F°, z 'G° 
2 «S°, z *P°, y *D°, J/ 3S°, 2 »P°, |/ 3D° 
2 3S°, y 3P°, a; 3D°, z is°, 2 ip°, 2 iD° 
a;3p ,«;3D ,x3F ,yip yiD°,j/»F° 
» 'D°, w 3 F°, tf) 3 G°, 2iD°,i iF°, x »G° 
2/ 3F°, |/ 3G°, 2 3H°, z iF°, 2 iG°. z iH° 
x 3 G°, 1/ 3H°, z 31°, y iG°, y iH 6 , z il° 



_, w 3 D°, y3F°, p3G a 



IV. TERM ANALYSIS OF Cb I 



1. LINES OF THE Cb I SPECTRUM 

The data for the lines of Cb i, characteristic of neutral Cb atoms, 
are displayed in table 4, which is prepared according to the same 
plan as table 1 for Cb n. Column 1 shows the estimated intensity 
and character, column 2 the measured wavelength, column 3 the 
vacuum wave number, column 4 the term combinations, and the 
last six columns contain data on the Zeeman effect. There are 3,313 
entries in the table, comprising all classified lines and nearly all 
unclassified lines, only those of doubtful origin and very weak lines 
of estimated intensity 2 or less being omitted. Where a line is 
classified in two or more ways, the more piobable transition is written 
first. In many instances these double classifications are unresolved 
blends, the measured position falling between the calculated positions 
of the respective components. Statistical information as to classifi- 
cation and distribution of the classified lines into various categories 
is given in table 5. 
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Table 4. — First spectrum of columbium (Cb i) 


? = Observed and calculated wave numbers disagree by 0.2 cm -1 or more. 


* = Leads to value of observed g showing excessive variation from values derived from other patterns. 


Components of opposite polarization only used in reduction if present. 


t = Classification not in agreement with observed Zeeman effect. Possibly fortuitous. 


t = Zeeman components show resolved hyperfine structure. 


**= Unaffected by magnetic field. 


ur — Unresolved. 


L=Land6 g assumed. 


Intensity 


X.ir A 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 


Strong- 
est 


Qi 


ffi 


Arc 


vac. 
cm-i 


nation 


type 


tion 


V 


n 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


5c 


10920. 7 


9154.4 


a 4 G^- z k T>va 














5c 


10907. 9 


9165. 1 
















3 


10872. 6 


9194. 9 
















5 


10863. 2 


9202. 9 
















3 


10706. 8 


9337. 3 


2H4H-!/ 4 F3K 














2 


10663. 3 


9375. 4 


a 4 G3^— z*D5h 














4 


10636. 54 


9399. 02 
















7 


10588. 70 


9441. 44 
















10c 


10563. 7 


9463.8 
















4 


10533. 72 


9490. 73 


6*D 3 h-2 2 D5h 














5c 


10525. 50 


9498. 14 


a 2 Potf-z 6 r>0H? 














3 


10522. 7 


9500. 6 
















5c 


10496. 22 


9524. 64 
















3 


10460. 87 


9556. 82 
















3 


10452. 53 


9564. 46 
















3 


10448. 37 


9568. 26 
















10c 


10419. 54 


9594. 73 
















5c 


10249. 56 


9753. 84 
















2 


10229. 04 


9773. 41 


b*Y m -v*nx? 














8c 


10203. 44 


9797.94 
















10c 


10181. 33 


9819. 21 


6 2 G 4 ^-I/ 2 G3H 














3 


10156. 57 


9843. 15 
















4 


10109. 92 


9S88. 57 
















5c 


10084. 46 


9913. 53 


b 2 G 3 ^-J/ 6 D3H 














20c 


10067. 4 


9930. 3 


a*D3K— z 6 F 2 >$ 














10c 


10042. 54 


9954. 91 


6*F 2 ^-z 4 G2v* 














2 


10019. 40 


9977. 91 


btGzx-z 2 Glx 














30c 


10003. 85 


9993. 41 


a 4 D 2 ^-z<>Fi^ 














4c 


9965. 44 


10031. 93 
















15 


9957. 29 


10040. 14 


b *F 3 h- 2" 4 G3H 














25 


9912. 26 


10085. 75 


a 4 Di^— z 6 Fo,4 














20 


9910. 35 


10087. 70 
















5 


9896. 6 


10101. 7 


1836H-0 2 GIh 














4c 


9890. 09 


10108. 36 
















2 


9815. 56 


10185. 11 


a 2 Di>*-z«DS*? 














4 


9677. 5 


10330. 4 


b 4 F 2H -z 4 G§^ 














50 


9676. 75 


10331. 22 


a<DiH-z 6 Ffo 














3 


9669. 8 


10338. 6 
















12 


9650. 97 


10358. 81 


bWm-ziGfe 














50c 


9631. 11 


10380. 18 


a*DoK-z 6 Fo>4 














100c 


9626. 88 


10384. 74 


a 4 D 2 H-2 6 F2^ 














10 


9620.96 


10391. 12 


b *Fm— z 4 GSv£ 














2 


9614. 7 


10397. 87 


b *Gi V -y 2 GS H 














6c 


9598. 72 


10115. 20 
















60c 


9595. 06 


10419. 17 


a*D 3 H-z 6 F§K 














8c 


9549. 13 


10469. 29 


6 <Dom-V 4 Ffo 














3 


9518. 30 


10503. 20 


bmi H -z"Glyi 














5 


9474. 57 


10551. 67 


ft<F 2 H-Z<FfH 














4 


9472. 02 


10554. 52 


b <F 3 ^-2 4 G4>i 














6 


9470. 93 


10555. 73 
















8/i 


9438. 7 


10591.8 


6 <F 3 h-z *F& 














8c 


9435. 48 


10595. 39 
















4 


9412. 39 


10621. 38 


b *Di H -y *~FU 














20 


9408. 60 


10625. 66 


a*DoH-z 6 Ffo 














4 9393. 56 


10642. 67 













• 
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Table 


4. — First spectrum of columbium (Cb i) — Continued 




Intensity 


X ,i r A 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 
est 
V 


Strong- 
est 
n 






Arc 


vac. 

cm-i 


nation 


type 


tion 


Q\ 


Ot 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


10 


9353. 17 


10688. 63 


8*PiM-2'P$H 














4 


9344. 4 


10698. 7 


b *~Dv A -V 4 F^ 














3 


9341. 52 


10701.96 


6«F3H-z 4 Pan 














40c 


9323. 54 


10722. 60 


a 4 r>!^— z 6 F2H 














10 


9299. 2 


10750. 7 
















10c 


9240. 9 


10818.5 
















15 


9197. 60 


10869. 42 


b*Y iH -zm^ 














20 


9186. 96 


10882.01 


6 4 F 2 h-z 4 Fz H 














50c 


9141.31 


10936. 35 


b 2 G 3 H-i/ 2 G3H 














10c 


9129. 44 


10950. 57 


a 4 D2H - * 6 F>2h 














10 


9125. 25 


10955. 60 


& 4 FiH-z 4 F? H 














3 


9123. 60 


10957. 58 


6»H*H-r»Gfi 














7 


9117.68 


10964. 70 
















7 


9084. 91 


11004.25 


a 4 G 2 h-z 4 G3H 














4c 


9066. 54 


11026.54 


&2H<«-y'G$K 














20c 


9061. 43 


11032.76 


& 4 F 3 >4-z 4 F34 














5 


9042. 23 


11056.19 


6 2 G 3H -.r «D$ H 














2 


9041.27 


11057.36 


6<F^-z 4 G.°hj 














8 


9039. 18 


11059.92 


a 4 Di^-z8Di« 














7 


9011.74 


11093.59 
















4 


89S3. 15 


11128.90 
















20c 


8967. 76 


11148.00 
















20c 


8959. 75 


11157.96 


b *T>ix-y 4 FJ.^ 














6 


8933. 43 


11190.84 


a 4 G 5 h-z 4 G5v* 














3 


8930. 70 


11194.26 
















4c 


8915.76 


11213.02 


a 4 Doh-2 6 F>o« 














20 


8905. 78 


11225.58 


(l 4 G2H-Z 4 Fi)4 














6 


8897. 5 


11236.0 


&2G4H-Z 4 H.^ 














4 


8896. 4 


11237.4 


6«Fih-z2D!h 














100c 


8815. 56 


11340.47 


\a<D 2 K-z 4 D!h 














7 


8799. 76 


11360.83 


6 4 F<h-z 4 F4h 














3 


8798. 22 


11362.82 
















7c 


8769. 57 


11399.94 


a<GjK-z 4 G?H 














12 


8767. 97 


11402.02 


a 4 Di>*-z 4 DoK 














20 


8740. 96 


11437.25 


a 4 G3>«-z 4 F2h 














4 


8717. 09 


11468. 57 
















40c 


8697. 55 


11494.34 


a 4 G 5 h-z 4 FJh 














2 


8695. 10 


11497.58 


& 4 DiH-y 4 D?H 














2ft 


8681. 94 


11515.00 


b *GzH—y 2 Gfo 














20c 


8614. 45 


11605.22 


/&2H4K-tf 2 G5H 
\c 2 G3h-z«FSh 


6 




0.27 


1.11 


1.09 


(1. 12) 


30c 


8575. 86 


11657.44 


a 4 Go4-z 4 F3H 


4 







1.20 


1.23 


(1.24) 


30c 


8560. 54 


11678.30 


a<DiH— z 4 Dih 


6 







1.22 


(1.20) 


1.24 


20c 


8547. 25 


11696. 46 


a<DoH— z 4 Dok 


** 
















50 


8526.99 


11724. 25 


a 4 H3H-z 4 G2^ 


5 




w 


0.90 


(0. 69) 


0.61 


150c 


8475. 98 


11794.81 


a 4 D 2 m-z 4 Dfo 


6 




w 


1.38 


(1.36) 


1.40 


25c 


8439. 76 


11845. 43 


a 4 G4K-z 4 GsH 


5 







1.41 


(1. 23) 


1.29 


3ft 


8434. 31 


11853. 08 
















4ft 


8433. 90 


11853. 66 
















4 


8417.07 


11877. 36 











1.40 






5 


8414. 72 


11880.67 


a 2 Poh-z 4 P5h 


6 


1.78 


0.89 


1.55 


0.66 


2.44 


15c 


8406. 23 


11892.67 


6 4 DaH-l/ 4 F>2^ 


6 


0.15 


0.38 


1.35 


1.42 


1.27 


3ft 


8389. 36 


11916. 59 
















4ft 


8387. 88 


11918.69 
















4ft 


8371. 39 


11942. 17 
















20 


8350. 03 


11972. 72 


a 4 DoH— z 4 DIh 


5 


1.20 


0.60 


1.87 


0.07 


1.27 


60 


8346. 07 


11978.40 


a*H<H— z 4 Gl« 


76 








0.98 


(0. 98) 


0.98 


500c 


8320. 93 


12014. 59 


a 4 Dsh— z 4 D§h 


6 




w 


1.43 


(1.42) 


1.44 


3H 


8293. 64 


12054. 12 


6 *FtM-y 6 Ffo 














1ft 


8277. 98 


12076. 93 


& 4 Di*-y 4 D2H? 














1ft 


8277. 39 


12077. 79 


b *F2H-V 6 F3>i 















[:■■■■■ 
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Table 4. — First spectrum of columbium (Cb i) — Continued 


Intensity 


A air A 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 
est 
V 


Strong- 
est 
n 






Arc 


vac. 
cm -1 


nation 


type 


tion 


0i 


Qi 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


3 


8275. 25 


12080. 91 


&*F3h-z*D2h 














4A 


8262. 41 


12099. 69 


a<H3H— z 4 G3H 














50c 


8240. 00 


12132. 59 


a*DiH-z 4 D2H 


5 




wh 


1.55 


(1.20) 


1.34 


U 


8236. 80 


12137. 30 


6 *D3H-V 6D?h 














Zh 


8228. 96 


12148. 87 


a *G4K-z *Ffo 














3h 


8226. 08 


12153. 12 
















3/» 


8211. 23 


12175. 10 
















5 


8205. 38 


12183. 78 
















2HI 


8202. 67 


12187. 80 


a*Gsyi-V&F°tH? 














4 


8190. 64 


12205. 72 


b *Dox-x *D5* 














3A 


8189. 33 


12207. 66 


a'PiK-ziDfo 














5 


8176. 22 


12227. 23 


b *T>xk-x <Dox 














6 


8173. 03 


12232. 01 











0.83 






3 


8168. 48 


12238. 82 
















3/i 


8157. 00 


12256. 04 


a2PlJ4-Z4F2tf 














2A 


8154. 42 


12259. 92 


a *G3H-y 6 F!h 














80 


8135. 20 


122S8. 89 


a 4 H 5 ^-z 4 GIh 


4 







1.06 


(1. 12) 


1.14 


6A 


8118. 67 


12313.91 
















7w> 


8118. 17 


12314. 66 


b *J)z H -y ^m 


6 




w 


1.41 


1.41 


(1.42) 


2/i 


8107. 85 


12330. 34 


b *T>2H-Z 2 ?2X 














4 


8085. 17 


12364. 93 
















2 


8084. 27 


12366. 30 


a2Vix-z*Tl H 














4A 


8037. 74 


12437. 89 


b *Poh-2/ 6 ^i>i 














5 


8036.08 


12440. 46 
















10 


8028.74 


12451. 83 


&<D2H-z 2 PiH 












• 


4A 


8024. 74 


12458. 04 


D*DoK-Z 8 Pix 














50c 


8017. 67 


12469. 03 


a«D 2 ^-2 4D3H 


5 







1.45* 


(1.36) 


1.40 


5h 


8017. 23 


12469. 71 
















3/» 


8010. 85 


12479. 64 


&<DiH-z2PlH 














3A 


8007. 50 


12484. 86 


&*Fi^-z 2 D2H 














8 


8002. 46 


12492. 73 


a«H4H-z 4 GlH 














3A 


7997.81 


12499.99 
















3A 


7993. 74 


12506. 35 


6 4 Pih-I/ TOh 














4 


7979. 99 


12527. 90 


b Wix-x 8D3H 














10 


7954. 76 


12567. 64 


a2DiH-z*PoH 


4 


1.53 


.77 


0.20 


0.97 


2.50 


20 


7938. 90 


12592. 74 


a 2Pih-z 2 S5* 


4 


1.00 


0.51 


0.68 


1.18 


2.18 


3/1 


7922. 78 


12618. 37 


b <Doh-* 4 DiK 














3 


7909. 36 


12639. 78 


&<D,H-z 4 Di* 














4ft 


7902. 14 


12651. 32 


a*H 3 >*-z<F2tt 














10i7w 


7898.88 


12656. 55 
















1 


7892. 56 


12666. 68 


a 2 Pi^-y «Ffo 














60 


7885. 30 


12678. 34 


a*H.iH-z*Glx 


4 







1.04 


(1.22) 


1.25 


2/1 


7881.05 


12685. 18 


a2Q3H-z 4 D§^ 














50c 


7873. 40 


12697. 51 


b *F2x-y <D§h 


4 







1.30 


1.52 


(1.42) 


10 


7862. 66 


12714. 85 


b 'P2H-2762H 


6 


0.14 


0.34 


1.36* 


1.51 


(1.37) 


15 


7856. 05 


12725. 55 


biPiH-V^lx 














5 


7838. 01 


12754. 84 


a^G 2 H-z 2 D^ 














8 


7829. 12 


12769. 32 


Ja 2 D 2 H-z 4 Pix 














10 


7787.08 


12838. 26 








0.26 


1.14 






5ft 


7772. 11 


12862. 98 
















8 


7761. 37 


12880. 78 


a 2 PoH-z 4 PiH 














8 


7758. 33 


12885. 83 
















30 


7757. 29 


12887. 56 


y 8F!h~c 6 D4* 


4 




w 


1.09 


(1.45) 


1.53 


10 


7750. 92 


12898. 15 


6*P 2 K-z 2 F& 














3 


7748. 53 


12902. 13 
















10 w 


7746. 92 


12904. 81 
















6c 


7735. 85 


12923. 27 


b *Pox-z 6Doh 














3 


7730. 25 


12932. 64 
















100 


7726. 67 


12938. 63 


a 6 S2>*-z «P!u 


4 


0.38 


0.19 


1.41 


1.98 


2.36 


3 


7724.01 


12943. 09 
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Intensity 
Arc 


X air A 


Wave 
No. 
vac. 
cm-i 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
P 


Strong- 
est 
n 


0i 


Qi 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


4A 


7716. 83 


12955. 13 


a <H5H— z 4 G5H 














5 


7707. 39 


12971.00 


a *H4H-z 4 F§h 














mw 


7703. 29 


12977. 90 


V 6 Ffo-e *-DiX 


4 




Hw 


0.92 


(1.43) 


1.58 


3h 


7694. 37 


12992. 94 
















3A 


7686. 50 


13006. 25 


(a ^H-z'FiH 














4ft 


7678. 34 


13020.07 


b *FiH-V 4 F§« 














3ft 


7669. 13 


13035. 71 


2 6p| H -e eD lM 














IQHw 


7662. 74 


13046. 58 
















10 


7661. 62 


13048. 49 
















5h 


7660. 32 


13050. 70 
















12 


7659. 02 


13052. 91 
















5Hw 


7649. 69 


13068. 83 


b iQzx-x m* 














3H 


7648. 46 


13070.93 


a 4 P2^— 26F1H 














20w 


7647. GO 


13072. 40 


y 6F5n-e 6 D 2 >* 


4 




Hw 


0.68 


(1.38) 


1.66 


10 


7644. 15 


13078. 31 


6 *F3>i—y 4 F5h 














1ft 


7641. 77 


13082. 38 


b «D 2 h-z *Vfc 














5c 


7640. 72 


13084. 17 


b *Fok-x e F>iH 














12 


7639. 82 


13085. 72 








0.25 


0.S9 






15hc 


7638. 15 


13088. 58 


6 *Pok-!/ 4 D5« 














10 


7628. 16 


13105. 72 
















4 


7625. 57 


13110. 17 


b *T)ik-x *T)va 














8 


7621. 14 


13117.79 


a2Po H -2<Fi>i 














4/1 


7615. 88 


13126. 85 


2 «Pih— e 6 Doh 














5c 


7603. 40 


13148. 40 


b *T?\x-V 4 D2>* 


4 


0.36 


0.18 


0.56* 


1.68 


(1.32) 


l/l 


7595. 06 


13162.83 


b 'DiM-V Wm 














2/1 


7593. 63 


13165.31 
















20M 


7585. 29 


13179.79 


b <P 2 h-z 'Dim 


4 







1.66 


1.53 


(1.44) 


8 


7584. 07 


13181.91 


y 6 F2H-e 6 F>ih 














20 


7583. 22 


13183. 39 


b 4 F 3 ^— y 4 F§><; 


6 


0.12 


0.43 


1.29* 


(1. 12) 


1.24 


500 


7574. 57 


13198. 44 


a 6 S2H— 2 6 P2>* 


6 


0.11 


0.27 


1.93 


1.99 


1.88 


10 


7551. 96 


13237. 96 


b <F 2 *-J/ 4 Fih 














12/i 


7547. 71 


13245. 41 


y 6Ffo-e 6 Doh 


4 


2.10 


1.05 


.. 


(1.06) 


3.16 


4ft 


7543. 38 


13253. 01 


b <D 3 h-2 2 F1h 














4 


7540. 18 


13258. 64 


a*B.5yi— z*¥lx 














10 


7535. 36 


13267. 12 


b <D 3 H-z «D2H 














12A 


7532. 08 


13272. 90 


z ep§x-e 6 D3]u; 


6 


0.12 


0.41 


1.61 


1.68 


1.56 


6 


7523. 34 


13288. 31 


o»Dih-z*E>Ik 














50wc 


7519. 77 


13294. 62 


b *Fm-y 4 F^ 


6 


0.08 


0.35 


1.29 


1.25 


1.33 


4 


7517. 51 


13298. 62 
















8 


7517. 14 


13299. 28 


2 epfo-e 6D2H 














100 


7515. 92 


13301. 43 


o«Dik-z«P5h 


4 


1.25 


0.62 


0.58 


1.20 


2.45 


15w; 


7512. 37 


13307. 72 


b tPoH-y *D!h 














8w 


7492. 76 


13342. 55 
















20 


7478. 20 


13368. 52 


b 4 F2j*— y 4 F2H 


6 


0.23 


0.57 


1.13* 


(0. 85) 


1.08 


4ft 


7460. 82 


13399. 67 


a 2P0H-2 2 DiH 














10ft 


7459.08 


13402. 79 


b <Pih-2762K 


4 




Hiv 


0.87 


1.70 


(1.37) 


2/1 


7458. 29 


13404. 21 
















12/i 


7456. 31 


13407. 77 


y 6 F§h— « 8 E>s« 


6 


0.18 


0.63 


1.59* 


(1.38) 


1.56 


12/i 


7452. 88 


13413. 94 


y 6 Ffo-e 6Dih 


6 


0.82 


1.23 


1.43 


1.02 


1.84 


10ft 


7446. 60 


13425. 26 


fo 6 F§h~« 6 Doh 
\a es 2 H-y 6 FS« 














8ft 


7445. 26 


13427. 67 


a J F2>s— ff 6 D!h 














7 


7436. 99 


13442. 60 
















7 


7436. 02 


13444. 36 








Hw 


0.69 






7 


7435. 37 


13445. 53 


p 6F5 H _ e 8D2K 














7 


7434. 62 


13446. 89 


a 2D2H-2 4 P2H 














10 


7430. 12 


13455.03 


J& *Pik-z 4 D5« 
\a2p 1H - 2 2D5vi 














12 


7428. 50 


13457. 97 


6 4 F3M-1/ 4 FSh 














8 


7426. 06 


13462. 39 


fa 4 P2M- 2 «FJ« 
\a 4 Ho<-2 4 Fix 














4ft 


7425. 26 


13463.84 
















12 


7419. 83 


13473. 69 


ft 4 F 2 *-y *F5h 
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Table 


4. — First spectrum of columbium (Cb i)- — Continued 


Intensity 


X air A 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 
est 
V 


Strong- 






Arc 


vac. 
cm -1 


nation 


type 


tion 


est 
n 


0i 


Si 


1 


2 


3 


4 


5 


6 


7 


7 


8 


10 


8 


7409. 81 


13491. 91 


a'Fjx-zSGfo 














500 


7372. 51 


13560. 17 


a s £sK— 2 «P3K 


4 


0.31 


0.14 


0.88 


1.97 


1.66 


6ft 


7366. 48 


13571. 27 


6 <Pi*-y <PJk 














4 


7362. 10 


13579. 35 
















100c 


7353. 17 


13595. 84 


a 4 Dotf — z *Po>* 


to 


2.45 


1.22 


1.22 





2.45 


4ft 


7350. 58 


13600. 63 
















2A 


7348. 86 


13603. 81 


a *Djtf-z *Gjk 














4 


7340. 26 


13619. 75 
















10 


7332. 30 


13634. 54 


z 6P 2 °K-e *Dsh 














3 


7331. 44 


13636. 13 


6 *Pjk-z 2 F§h 














30 


7328. 38 


13641. 83 


6 <Fi*-y <Ffv< 














25ft 


7323. 91 


13650. 14 


b <P2K-X 4 D2h 














20w 


7317. 03 


13662. 99 


2 6 P3K— e 8 D 4 h 














8ft 


7311. 93 


13672. 52 


1835K-Z 4 G$* 














3 


7300. 69 


13693. 57 


a*G4K— z 4 G3H 














3H 


7293. 22 


13707. 59 


6 <Pik-z 'Pi* 














10 


7276. 76 


13738. 60 


a <Pik-z «Ffo 














10 


7274. 78 


13742. 34 


b *T>ix-x <D$h 














8/i 


7268. 92 


13753. 42 


6 <p 2 *-y «P5h 














2ft 


7262. 80 


13765. 01 


o2G 4 h-J 2 GIh? 














15 


7258. 90 


13772. 40 


o <FiH-y 4 F5* 














10 


7256. 19 


13777. 55 


a 2D 2 «-2 4 F§h 














I2w 


7253. 19 


13783. 24 
















40 


7252. 35 


13784. 81 


a J Po^-z 2S5h 


6 


1.48 


0.74 


1.39 


0.65 


2.13 


8 


7248. 12 


13792. 89 


a *Po^-z 6F5>* 














7 


7244. 55 


13799. 68 


a«PjK-* 8 :DiW 














7 


7241. 81 


13804. 90 


Ja2D,K-z<F?H 
\b*Di>i-zW?x 














10ft 


7240. 11 


13808. 14 


a *G^-y *Fzx 














8ft 


7235. 68 


13816. 60 


a sFsk-z 2 GSh 














SH 


7233. 87 


13820. 06 


a 2 G3K-z *G2H 














2 


7221. 07 


13844. 55 


a J F3H— V *£>2H 














2 


7213. 58 


13858. 93 


a2Pox-z 6 F5H 














15c 


7208. 95 


13867. 83 


b 4 Pi*-z <D!^ 














10c 


7207. 92 


13869. 80 


6 *Pm-V 4 Po^ 














15 


7191.38 


13901. 71 
















8 


7186. 17 


13911. 79 


fa'GjH-J/'Ffo 
\a2FjK-:r 6 D3H 














8ft 


7185. 57 


13912. 95 
















8ft 


7184. 89 


13914. 27 


6 4 F 3 *-z *GHh 














lOw 


7180. 00 


13923. 74 


a *Gsk-I/ 4 F2« 














15w 


7178. 27 


13927. 10 


ft <D 8 x-:r 4 Dsh 














4 


7172. 98 


13937. 37 


faJHsK-tf 4 F2h 

\62G4K-t> 4 F3* 














4 


7170. 75 


13941. 71 


(HDik-z'GIh 














10m; 


7165. 84 


13951.26 


a 4 P 2 ^-z«F3H 














3 


7163. 92 


13955. 00 


a 2 FiH-y 4 E>2>i 














100 


7159. 44 


13963. 73 


a 4 DjH-z 4 PI« 


4 


0.23 


0.12 


1.00 


1.35 


1.59 


lOw 


7151. 45 


13979. 33 


a 4 D2H— z 4 G§* 














8w 


7146. 19 


13989. 62 


6 4 D 5 h-z 4 B1h 














4 


7136. 09 


14009. 42 
















12 


7130. 06 


14021. 27 


6 4 F 2 h-.t «D!« 














40 


7126. 18 


14028. 90 


a 4 GsH-y 4 Ps^ 














10 


7122.96 


14035. 24 











1.06 






10 


7121.91 


14037. 31 


6 4 Po«-x 4 Do« 














10 


7121. 25 


14038. 62 


fa 4 Pox-z6F?h? 
\a2PoH-y«FI^? 














10 


7120. 66 


14039. 78 
















15 


7119.32 


14042. 42 


a 4 G2^— 1/ 4 FS^ 














3ft 


7108. 58 


14063. 63 


a 2 H4H-l/ 4 F3H 














30w 


7102. 02 


14076. 62 


a 4 D 3 H— z 4 F2« 














50c 


7098. 94 


14082. 73 


a 4 G<h-|/ 4 P2h 














3 


7091. 30 


14097. 91 


t> 4 Fih-J/ e D§H? 














4 


7090. 73 


14099. 04 


a 2 Fsh-276Ih 
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Table 4. — First spectrum of columbium (Cb i) — Continued 



Intensity 

Arc 


Xair A 


Wave 
No. 
vac. 
cm -1 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
P 


Strong- 
est 
n 


ffi 


03 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


12 


7075. 24 


14129. 91 


a 4 PiH-z 8 F2H 














3 


7070. 02 


14140. 34 


b*VtH-9'WH 














10 


7066. 42 


14147. 54 


a *QaH-V 4 F§h 














1ft 


7063. 49 


14153.41 


6 4 Pi«-1/ 4 Pih 














2ft 


7059. 17 


14162. 08 


b <Dox-Jf 2 Dfo 














12 


7051. 22 


14178. 04 


b 2Q4H-X *G\x 














300c 


7046. 81 


14186. 92 


a *Dzx—z 4 Pfo 


4 




ur 


1.38 


(1.42) 


1.45 


10 


7038. 06 


14204. 55 


b <F 2 *-z 2G!h 














8 


7035. 66 


14209. 40 


a 2Fjk-2762k 














20m; 


7023. 48 


14234. 04 


b <Pih-J/ <P2* 


4 




ur 


1.34 


1.78 


(1.61) 


5 


7014. 91 


14251. 43 
















3/1 


7013. 35 


14254. 60 
















20m; 


7003. 95 


14273. 73J 


1835H-P <F3x 














3ft 


6999. 75 


14282. 29 


a2FjK-z2Fj* 














20 


6996. 12 


14289. 70 


6 <Pok-z 2 P!h 


4 




0.56 


0.88 


2.58 


(1.45) 


100 


6990. 32 


14301.56 


a'DiK-z 4 P'H 


6 


0.398 


0.606 


1.405 


1.206 


1.604 


8 


6989. 40 


14303. 44 


a 4 G3K— V 4 Ffo 














15 


6986. 09 


14310. 22 


b *P^-x <D§h 














8ft 


6978. 40 


14325. 99 


a 4 PiH-? 6 DoH 














6/1 


6975.05 


14332. 87 








ur 


1.51 






10ft 


6972. 48 


14338. 15 


b *Pih-z 4 P>5* 


4 




ur 


1.11 


1.71 


(1.47) 


8ft 


6971. 62 


14339. 92 


a *Fzx-y 2G§h 














bw 


6964. 75 


14354. 06 
















bh 


6955. 67 


14372. 80 


b <P 2 *-z <Hfo 














bH 


6953. 54 


14377. 20 


b *FiH-y *D°2x 














10 


6946. 08 


14392. 65 


a»F 2 H-2 2 Ffo 


6 




0.76 




(0.86>, 


1.16 


8 


6940. 92 


14403. 35 
















3 


6939. 40 


14406. 50 
















3/i 


6936. 60 


14412. 31 
















4 


6928. 35 


14429. 48 


b *FjH-y *Dok 














60, V 


6918. 33 


14450. 38 


a J F2M-J/ 2 Gfo 


5 




ur 


0.95 


(0. 86) 


0.92 


4 


6911. 15 


14465. 39 


b "QiH-to *Qlx 














4 


6910. 23 


14467. 31 


a<PiH-z 6 ^iH 














40, V 


6908. 06 


14471. 85 


a 2 Dih— z j S5mj 


4 


1.176 


0.588 


0.370 


0.958 


2.134 


8 


6906. 60 


14474. 92 


a *QiH-y«Dlx? 














50c 


6902. 89 


14482. 70 


a 4 D 2 h-z J F>i^ 


5 


0.46 


0.23 


2.00 


(1.36) 


0.90 


8 


6888. 49 


14512.97 








ur 


1.15 






15c 


6886. 32 


14517. 55 


a *D3k-z 4 F3h 














2/1 


6884. 98 


14520. 37 


b *Dix-x *FS« 














10m; 


6879. 90 


14531.09 


a *D 2 h-z WiX 














4ft 


6878. 66 


14533. 71 
















5 


6877. 79 


14535. 55 


a J D2>*-z 2 D5h 














60, V 


6876. 36 


14538. 57 


a *Dix-z «F!k 


6 


0.78 


1.17 


. 0.79 


1.18 


0.40 


8ft 


6871. 68 


14548. 48 








ur 


1.14 






Ibw 


6870. 92 


14550. 09 
















bh 


6861. 82 


14569. 38 


b *G4H-v <F?h 














8 


6857. 14 


14579. 32 


6*Po^-z<Sfx 


4 


0.81 


0.40s 


1.37 


2.62 


(1.79) 


20c 


6849. 33 


14595. 95 


a 4 Do^-z <P!h 


J5 


1.581 


0.790 


2.387 


0.015 


1.596 


5m; 


6846. 14 


14602. 75 
















150, V 


6828. 11 


14641. 31 


a 4 D 2 H— z 4 Pfo 


6 


0.12 


0.31 


1.42 


1.36 


1.48 


8m> 


6824. 55 


14648. 95 


b *FoH-y 9 P!h 














3 


6803. 44 


14694. 40( 


b <D 2 K-z 4 Ffo 
b *F 2 H-y 6 r>2V 














Oft 


6802. 86 


14695. 65 


o *Q%H-y 6 D3>i 














10ft 


6795. 27 


14712. 07 








ur 


1.26 






3 


6781. 22 


14742. 55 


a 2 Pih-I/ 4 F$k 














5ft 


6752. 98 


14804. 20 


183sH-tt 4 Ffo 














8m; 


6745. 44 


14820. 75 


a «Dih-2*D!h? 


6 


0.31 


0.16 


1.32* 


(1.20) 


0.89 


80, V 


6739. 88 


14832. 97 


a*Dox-z 4 Fi^ 


tfi 


0.410 


0.205 


0.618 


0.005 


0.415 


5 


6738. 96 


14835. 00 


6 *T)zh-v *OIh 














5 


6728. 82 


14857.35 


a 2 Gsh-z 4 P»H 
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Intensity 


X air A 


Wave 
No. 


Terra combi- 


Zeeman 


Separa- 


Strong- 
est 
V 


Strong- 
est 
n 






Arc 


vac. 
cm -1 


nation 


type 


tion 


Si 


Qi 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


5ft 


6726. 19 


14863. 16 


b 2Q4H-0 2 Ffo 














150, V 


6723. 62 


14868. 84 


a<DiH-z 4 F2H 


4 


0.14 


0.07 


0.86 


(1.20) 


1.06 


8 


6721. 98 


14872. 47 


a i ~p2H-z*~D°2x 


6 


0.19 


0.48 




(1.60) 


1.41 


5 


6719. 27 


14878. 47 


a*G2x-z 2( 3m 














3A 


6718. 93 


14879. 22 


b <D3K-z my, 














Sw 


6717. 56 


14882. 26 








0.25 


0.73 






10c 


6709. 89 


14899. 27 


a <D 3 H-y 9 F5h 














60. V 


6701. 20 


14918. 59 


a *Fzx-V J Gfo 


4 







1.08 


(1. 13) 


1.11 


4/1 


6699. 82 


14921. 66 
















5 


6696. 45 


14929. 17 








UT 


1.03 






2 


6683. 75 


14957. 54 
















2ft 


6681. 36 


14962. 89 


a *Qsx-xtI)lx? 














5H 


6679. 21 


14967. 71 
















200c, V 


6677. 34 


14971. 90 


aiT>2X-z*F3x 


4 




0.06 


1.00+ 


(1.36) 


1.24 


4 


6666. 24 


14996. 83 


b *T>z>i-x <F!h 














300c, V 


6660. 84 


15008. 98 


a 4 D 3 H-z 4 F4* 


4 




w 


1.18+ 


(1.42) 


1.33 


10ft 


6655. 90 


15020. 12 


a2F3H-2 2F§H 














4 


6653. 40 


15025. 77 
















10H 


6644. 68 


15045. 49 


a*~Dzx— z 6 P2v* 














8 


6626. 98 


15085. 67 


a*PiH-z*r% 


6 


0.46 


0.68 




(1.72) 


1.26 


4ft 


6620. 59 


15100. 23 


b *Gix-u *F\ H 














2 


6618. 35 


15105. 34 


b«FsH-2»Ffe 














6 


6616. 68 


15109. 15 


a<Poi,s-z 4 E>oH 


6 


2.62 


1.31 


1.31 


2.62 





20 


6614. 15 


15114.93 


a 4 Do^-z 2 Dfo 


J5 


0.860 


0.431 


1.336 


0.045 


0.905 


10 


6607. 32 


15130. 56 


a2F 2 K-z 2 F 3H 


5 


0.28 


0.14 


1.77 


(0. 86) 


1.14 


10 


6606. 15 


15133. 24 








UT 


0.91 






4ft 


6594. 30 


15160. 43 


6*P2H-Z 6 S2H 














40c 


6591.00 


15168.02 
















3 


6586. 79 


15177. 72 


aiGix-ziFtx 














5Hld 


6580. 50 


15192. 23 


a *H*h-0 4 F*V 














10 


6574. 74 


15205. 54 


a4Di*-z2Sg H 


4 


0.93 


0.47 


0.74 


1.20 


2.13 


6 


6556. 93 


15246. 84 










1.08 






8 


6551. 63 


15259. 17 


b mix-w 2F§h 


4 







1.01 


1.05 


(1.07) 


4 


6550. 22 


15262. 45 


b *F2x-x m* 














80c, V 


6544. 61 


15275. 54 


a 4D3H-Z 2 D2H 


5 




0.09 


1.71 


(1.42) 


1.30 


6 


6519. 70 


15333. 90 


a *Dik-z 8 D5k 














2 


6500. 83 


15378. 41 


b 4F 1h -2; 4 Dom? 














10 


6497. 85 


15385. 46 


fa <P8H-2 *D?h 

\b m iy -x 2G1h 


4 


1.36 


0.68 


0.58 


2.63 


1.27 


4 


6494. 23 


15394. 04 
















Oft 


6491. 90 


15399. 56 


a 2 PiH-^ 4 DoH 














2H 


6488. 66 


15407. 25 


a4D 3 M-z 6 P3K 














2 


6482. 73 


15421. 35 


a iGix-yiQlx? 














8 


6464. 32 


15465. 27 








ur 


0.98 






10 


6449. 84 


15499. 98 


fa*DoH-z»Sfa 
\a K T)2K—z 8 P2K 


*6 


2.11 


1.055 


1 067 


1.01 


2.12 


4 


6437. 76 


15529. 07 
















30, V 


6433. 24 


15539. 98 


a 4 PiH— z 4 D5h 


4 


0.31 


0.16 


0.93 


1.71 


1.40 


80c, V 


6430. 47 


15546. 67 


<z 4 P2H— Z 4 I>3H 


4 


0.16 


0.08 


1.04 


1.60 


1.44 


2c 


6427. 66 


15553. 47 


a 4 Di^— z «P!h 














4 


6422. 06 


15567. 03 


b *F m -x 4 Dfo 














2 


6417. 60 


15577.85 
















2 


6375. 95 


15679. 61 


a2G 3 ^-z 4 F4H 














2c 


6355. 56 


15729. 91 


a i T>2yi— z 2 D2^ 














6 


6348. 98 


15746. 22 








0.00 


0.91 






4 


6346. 24 


15753.01 


a 2H 4 K-y 2 Gs« 


5 







0.97 


(0. 93) 


0.91 


3A 


6334. 10 


15783. 21 
















4 


6325. 78 


15803. 97 


a 'Pw-9 4 F?m 


4 


0.17 


0.09 


0.42 


0.67 


(0.50) 


5c 


6312. 16 


15838. 07 


a 4 G3tf-x 6 Dfo 














4c 


6309. 24 


15845. 40 








ur 


1.13 






6c 


6286. 38 


15903.02 


183«K-w 2G! H 






UT 


0.85 






4 


6275. 41 


15930. 82 


a 2H«H~f' 2 GSh 


4 




UT 


1.01 


(1.10) 


1.14 
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Intensity- 


A sir A 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 
est 
V 


Strong- 
est 
n 






Arc 


vac. 
cm-i 


nation 


type 


tion 


01 


02 


1 


2 


3 


4 


5 


6 


7 


7 


8 


10 


8c 


6260. 77 


15968. 07 


b 2 GiX-z 3 I 5H 


4 




ur 


0.82 


1.01 


(0. 95) 


4ft 


6257. 38 


15976. 72 
















20c, V 


6251. 76 


15991. 08 


1835K-Z 2 IeH 






UT 


1.18 






bh 


6228. 25 


16051. 44 
















20c, V 


6221. 95 


16067. 70 


a<D!H-z 2 D2K 


5 




ur 


1.33 


(1.20) 


1.27 


fift 


6219. 59 


16073. 79 








ur 


1.32 






2h 


6218. 44 


16076. 06 


a 4 G4H-i/ 2 G?H 














8, V 


6213. 06 


16090. 69 


b *D°ox-w *Fi>* 


5 


0.47 


0.21 


0.73 


0.03 


0.50 


6 


6204. 75 


16112.24 


6 «Dih-?/; *Fm 


6 


0.70 


1.05 


0.88 


1.20 


(0. 50) 


12, V 


6164. 30 


16217. 96 


a 2F2H-2/ 2 Dfa 


5 




ur 


0.90 


(0. 86) 


0.81 


10c, V 


6148. 11 


16260. 67 


a 2 Fsx-y 2Dfo 


4 


0.20 


0.13 


0.62 


1.12 


(1-32) 


7c 


6142. 53 


16275.44 


6 *P2X-U *Dfx 


4 


0.41 


0.20 


0.93 


1.55 


1.96 


7c 


6128. 68 


16312. 22 








UT 


1.04 






4c 


6118. 10 


16340.43 


6 *D° 2H -v 4 Ffo 














6 


6110. 94 


16359. 58 








0.56 


1.04 






9 


6107. 69 


16368.28 


6 *Dm-v *Fhi 


4 






0.80 


1.22 


(1.05) 


2 


6105. 30 


16374. 69 


a *F°2M-x *F?h 














4c 


6103. 49 


16379. 54 


b m iH -z 2Hi* 














6 


6083. 55 


16433. 23 


fl2H4H-Z 2 F3H 


4 




ur 


0.26 


(0. 93) 


1.12 


4 


6067. 81 


16475. 86 


a*F>2X-x*D\>i 


4 







0.81 


(1.21) 


1.47 


12c 


6056. 64 


16506. 25 


/&<D 2 M-P*Fix 
\ 183 5 x-z 2 H!h 


4 




ur 


1.04 


1.46 


(1.34) 


1 


6052. 59 


16517. 29 


biF-M—x T>Sm 














10c 


6048. 71 


16527. 88 


b 2H 5 ^-Z IHy 


6 




0.22 


0.97 


0.99 


0.95 


2/» 


6047. 46 


16531. 30 


a iQm-z *Dfi| 














20, V 


6045. 49 


16536. 69 


b *F, H -z *IUh 


4 




ur 


0.60 


(1. 12) 


1.00 


4 


6041. 96 


16546. 35 


b *Dj^— wWlx 














10, V 


6031. 83 


16574. 14 


(b*T>m-w*Ffc 
ta«S 2 H-z 2 Pi« 


4 






0.71 


1.19 


(1. 00) 


12, V 


6029. 74 


16579. 88 


b<F2M-z 4 Hfo 


5 







0.93 


(0. 85) 


0.89 


5c 


6028. 73 


16582. 66 


a 2F2H-Z <F2\* 














1 


6022. 50 


16599. 81 


b 2H4H-W 4 G2h 














50c, V 


5997. 86 


16668. 01 


a*F>3H-y*Fh< 


6 




0.79 


1.33 


1.44 


1.21 


5 


5986. 61 


16699. 33 


a*D2H-y i F>\x 


4 




ur 


1.12 


(1.21) 


1.27 


30, V 


5986. 08 


16700. 81 


0<F4H-Z<III>4 


4 




0.2U 


0.76+ 


(1. 22) 


1.14 


100, IV? 


5983. 21 


16708. 82 


a*Pix-z<P5tf 


4 


0.75 


0.38 


1.35 


1.72 


2.47 


5c 


5971. 25 


16742. 28 










1.35 






4c 


5965. 36 


16758. 82 


b m^i-w 2QJ H 


4 




ur 


0.70 


1.03 


(1. 10) 


1 


5964. 56 


16761. 06 


a 2 PiH-a:<Dta 














15, V 


5957. 69 


16780. 39 


6<F 3 H-y 4 Gr3H 


6 


0.11 


0.34 


1.07 


(1. 12) 


1.01 


4 


5949. 90 


16802. 36 


b*GiH-zmU 


5 




ur 


1.10 


0.99 


(1.01) 


2 


5938. 62 


16834. 28 


a 4 G5K-z 4 H!>* 














15c, V 


5934. 15 


16846. 96 


&2H5H-Z 2 Ifo 


5 




ur 


1.52 


1.00 


(1.08) 


12c, V 


5928. 234 


16863. 77 


a6S2*-z 4 Sfo 














10 


5927. 40 


16866. 14 


6*D2H— w*FIm 


4 


0.23 


0.12 


0.72* 


1.43 


(1. 20) 


2h 


5924. 27 


16875. 05 


a*H 3 «-z2F2^? 














lh 


5920. 16 


16886. 76 


a 4 D2H-0 4 Ffo 














2h 


5910. 55 


16914. 22 


a<Q4H-2 4 H3^ 


5 


0.34 


0.17 


1.55* 


(1.23) 


0.89 


5 


5904. 48 


16931. 61 


b*Dix-x2QlM 


4 


0.32 


0.16 


1.46* 


1.41 


(1.09) 


20c, V 


5903. 80 


16933. 56 


a^2H-V 6 Pta 














200c, V 


5900. 59 


16942. 77 


a*T>zM-y*Flx 


4 




w 


1.09+ 


(1.42) 


1.35 


3 


5894. 61 


16959. 96 


a J P 1H -|/ opfo? 














15c, V 


5893. 43 


16963. 36 


& 4 Pi*-s/ 4 Sfo 


6 


0.26 


0.39 


1.88 


1.70 


(1.96) 


4 


5S85. 94 


16984. 94 


b*F>2x-u*Fbi 


4 


0.27 


0.13 


0.29 


1.38s 


(1. Us) 


5 


5878. 97 


17005. 08 


b *F 3 k-.t 4 Fm 














20, V 


5877. 78 


17008. 52 


fa<Pov*-z4PSH 
\0*P2k-u 4 F?k 


6 


0.18 


0.09 


2.55 


2.64 


2.46 


8c 


5876. 30 


17012. 81 


1835K-S/ 2 H?h 


6 




0.30 


1.22- 






7c 


5875. 24 


17015.88 


b *F^-x *Fhi 


5 






1.35 


(1. 22) 


1.19 


40c, V 


5874. 68 


17017. 50 


a*D2^-y*Fi4 


6 


0.27 


0.74 


1.21 


1.35 


1.08 


id 


5872. 46 


17023. 93 


a 4 D2^-l/ 8 DiH 














6 


5868. 89 


17034. 29 


b *T>vi-w *Ghi 


4 


0.36 


0.20 


0.19 


1.45 


1.09 


80,1V? 


5866. 45 


17041. 37 


a*P 2 >*-z 4 Pta 


70,4 







1.58 


(1.60) 


1.60 



644098—45- 
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Intensity 


Xair A 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 
est 
V 


Strong- 
est 

71 






Arc 


vac. 

cm-i 


nation 


type 


tion 


Qi 


0* 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


6 


5864. 94 


17045. 76 








ur 


1.13 






2c 


5863. 21 


17050. 79 


b*Dzx— w*Flx 














4 


5862. 12 


17053. 96 
















5 


5856. 70 


17069. 74 








ur 


0.90 






6 


5855. 72 


17072. 60 


a*Qm-x*T>Sx 


6 


0.15 


0.54 


1.15 


1.07 


1.23 


6 


5852. 79 


17081. 14 








ur 


1.03 






1 


5851. 94 


17083. 63 


b *Fm-y 2D§^ 














2 


5850. 67 


17087. 33 


b*F2x-xm* 














20c, V 


5846. 10 


17100. 69 


a «S2H — 2/ 4 P2>s 


6 


0.38 




1.78 


1.97 


1.59 


30, V 


5842. 47 


17111.32 


a^Ftyi— z«F§h 


4 




ur 


1.10 


(1.33) 


1.39 


2 


5839. 17 


17120. 99 


6*G4*-*HG4K 














100c, IV 


5838. 61 


17122. 63 


a*T>m-y<F°3x 


4 




ur 


1.00 


(1.36) 


1.26 


15c 


5838. 13 


17124.04 


a*P,H-z 2 PoH 


5 


0.39 


0.20 


1.35 


1.16 


0.76 


40, V 


5834. 88 


17133. 57 


b *F iH -x <F?k 


6 




0.12 


1.23 


1.24 


1.21 


2 


5834. 40 


17134. 98 j 


a 4 G3H-z 4 H§H 
b <F 3 x-y <GSh 














3 


5825. 41 


17161.43 


a <G4H-z 4 Hfo 


6 


0.22 


0.98 




(1.23) 


1.01 


20c 


5820. 61 


17175. 58 


bm AH -zmH 


4 




w 


0.~64 


1.02 


(0. 95) 


80, V? 


5819. 415 


17179. 11 j 


a «G 5 >$— z'Hfo 
b *Fm-x <F§h 


4 




w 


1.09+ 


(1.26) 


1.23 


15c 


5815. 316 


17191.21 


a *Qih-x <D3H 


5 


0.49 


0.25 


2.51 


0.79 


1.28 


3 


5811.89 


17201. 35 


« 2 FsH-y 2 F$x 


5 




ur 


1.58 


(1. 13) 


0.95 


5c 


5810.68 


17204.93 
















1 


5805. 91 


17219.07 


b 2 Djh— w 4 0§h 














4c 


5804. 65 


17222.80 


a<Gj^— y <G5h 














30rf, V 


5804. 02 


17224. 67 


a VD,h-|/ 4 Ff* 


6 


0.74 


1.08 


0.83 


1.20 


0.46 


\h 


5801. 78 


17231. 32 


a 2Pih-z *Dfo 














2c 


5801.01 


17233.61 


a 2G 3 h-# 4 F?h 














20, V 


5794. 24 


17253.75 


a *Gix—z *H3« 


5 




w 


1.18 


(0.74) 


0.87 


7c 


5789. 78 


17267.04 


a 4 G 5 *-z 4 F?h 


5 




ur 


1.40 


(1.26) 


1.20 


80, III 


5787. 52 


17273.78 


a<FsH-z 6 F2H 


4 




w 


0.96+ 


(1.24 


1.34 


8 


5780. 31 


17295. 32 


b *Fm-x <Ffo 


6 




0.38 


1.05* 


(0. 85) 


1.00 


2 


5779. 78 


17296. 91 


b *F iH -x <FSk 


5 




ur 


1.61 


(1.12) 


1.23 


30c, V 


5776. 07 


17308.02 


a «Sm-y «P?h 


6 




0.81* 


1.88 


1.99 


(1. 77) 


4 


5774. 83 


17311.74 


a 2Fjh-3/ 2 F2h 


6 







0.83* 


(0.86) 


0.80 


10c 


5771. 06 


17323.05 


b*T>3H-V*F<H 


4 


0.24 


0.12 


0.47* 


1.45 


(1. 21) 


40, V 


5764. 98 


17341. 32 


a A Q2x—y *Q 2H 


6 




0.11 


0.73 


0.75 


0.71 


80, IV 


5760. 33 


17355. 31 


a *T>ih-V 4 F?h 


4 




w 


0.91+ 


(1.20) 


1.08 


2c 


5759. 00 


17359.32 


a 2 D2H-y 4 D!« 














4/i 


5758. 11 


17362. 01 


bm<w-zmix 


6 




ur 


1.01 


1.00 


(1.01) 


4c 


5754. 44 


17373. 08 


a 2 Po*-?/<PoHt 








1.23 






3 


5753. 26 


17376. 64 


a 2D 2 h-2765h 














40, V 


5751. 43 


17382.17 


a<GaH-z 4 Hfo 


4 




w 


0.76 


(1.08) 


1.01 


3c 


5743. 847 


17405. 12 


a *Qix— V 4 Osh 














3 


5743. 384 


17406. 52 


b 2H4>*-w j GJh 


6 




0.18 


1.02 


1.00 


1.04 


6 


5738. 19 


17422. 28 











1.07 






7 


5737. 35 


17424. 83 








0.12 


-- 






n 


5734. 35 


17433. 94 


b <P2H-^ 4 F3 # Ht 






0.34 


1.24 






80, III 


5729. 185 


17449.66 


a *F2*-z 6 Fih 


4 




w 


0. 85 


(1.03) 


1.15 


9 


5725. 66 


17460. 40 


6 2 G4H-I/ TOh 


6 




d 


0.96 


0.97 


0.95 


4 


5722. 70 


17469. 44 


b <F 2 K-:r *F§h 


5 


0.32 


0.16 


2.03* 


(0. 85) 


1.17 


30, V 


5716. 34 


17488. 87 


a*G i yi—Z*JIlyi 


4 




w 


0.76+ 


(1.23) 


1.15 


6 


5715. 58 


17491. 20{ 


b <Fih-x *F\h 
a«H4H-z 2 FsH 


76 







0.39 


0.39 


0.39 


5c 


5713. 79 


17496. 68J 


bzGzH-zm'ix 
b 2P, H -t? <F?h 


4 







0.68 


0.86 


(0. 82) 


2 


5713. 44 


17497. 75 


a 2 DiH-I/ 4 DiM 














15 


5709. 33 


17510. 34 j 


a 2 F3H-J/ 2 F3H 
a*F4tt-z«D3K 


76,6 







1.14 


(1.13) 


1.15 


50, IV? 


5706. 47 


17519. 12 


aiDox-y^iX 


5 


0.41 


0.21 


0.68 


0.06 


0.47 


15 


5706. 16 


17520. 07 


b *Dsk-w *G\h 


4 




0.11 




(1.43) 


1.21 


4 


5698. 01 


17545. 13 


a 2 D 2 H-|/ 4 PiMi 


4 


0.70 


0.35 


l.~63' 


2.68 


1.98 


5 


5697. 89 


17545. 50 


b iPox-y *S°h 


4 


0.70 


0.35 


1.63 


2.68 


1.98 


8 


5693. 07 


17560. 35 


a^iH-zHTm 


5 


0.68 


0.34 


2.62 


1.60 


0.92 


5c 


5684. 45 


17586. 98 


6 2H4>i-z 2 n?^ 


6 


0.22 


1.01- 


-r 


hU 


(0, 82) 
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Intensity 


A air A 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 
est 
V 


Strong- 
est 
n 






Arc 


vac. 

cm-i 


nation 


type 


tion 


0i 


92 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


10 


5677. 453 


17608. 66 


a *F 2 h-z <F2k 


6 


0.53 


1.32 


1.33 


1.59 


1.06 


3 


5675. 942 


17613. 34 


a *Gzx-y <Ffo 














50, IV 


5671. 90 


17625. 90 


a *Ci3M-y *Qlx 


6 


0.07 


0.24 


1.04 


1.07 


1.00 


60, V 


5671.09 


17628. 41 


a «S 2 *-y "P§k 


4 


0.32 


0.16 


1.83* 


2.02 


(1. 70) 


9 


5666. 86 


17641. 57 


&<DiH-tt>*F4°Kt 






0.14 


0.42 






120, III 


5665. 63 


17645. 40 


a*Q5x-y*QlM 


76,6 







1.26 


(1. 26) 


1.26 


100, III 


5664. 70 


17648. 30 


a *Fix-z 6 Fo* 


5 


0.772 


0.386 


0.785 


0.399 


-0. 373 


1 


5662. 04 


17656. 59 


a 2 Pox-y *Fh< 














5 


5654. 13 


17681. 29 


a2D 2 H-z 2 Pfo 


4 


0.23 


0.12 


0.76* 


(1.21) 


1.44 


3c 


5648. 40 


17699. 23 


b <Fik-j 4 Ffo 


5 


0.605 


0.303 


2. 038* 


(0. 402) 


1.007 


10 


5645. 30 


17708. 95 


a*Pix— z*F'x 


6 


0.09 


0.13 


1.65 


1.70 


1.61 


80, III 


5642. 10 


17718. 99 


a *Pix-z <P$h 


6 


0.109 


0.273 


1. 547 


1.601 


1.492 


20c 


5635. 42 


17739. 99 








ur 


1.08+ 






2c 


6633. 64 


17745. 60 
















6c 


5629. 81 


17757. 67 


a <Qv4-y 3 D2X 














40, V 


5629. 17 


17759. 69 


a*Qnx—y <Gfo 


6 




u 


1.24 


1.21 


(1. 28) 


10c 


5628. 25 


17762. 59 


a 4 Fj^— z *FIh 


6 


0.15 


0.53 


1.63* 


(1.24) 


1.39 


1ft 


5619. 78 


17789. 36 


a 4 DjH-2/ *I>!m 


4 






1.10ft 


(1.36) 


1.24 


3 


5618. 69 


17792. 82 


a 'Poji-z 2 Pi* 


5 


0.77 


0.38 


1.85 


0.70 


1.47 


7 


5603. 93 


17839. 68 


a *Fzx-z «D5^ 














30, V 


5603. 51 


17841.02 


a 'Fjx-z "Fan 


6 


0.326 


0.817 


1.191 


1.028 


1.354 


10c 


5599. 57 


17853. 57 


a^Dj^-z^GsH 


4 


0.37 


0.20 




(1.36) 


0.99 


5/» 


5596. 87 


17862. 18 


a *Y)im-V 4 E>5.4 


5 




ur 


l.~52 


(1.42) 


1.34 


6c 


5594.87 


17868. 57 


6 mix-y mi* 














15c 


5590. 95 


17881. 10 








ur 


1.15 






30, IV 


5586. 99 


17893. 77 


(a*Fi H -z«FiH 
\a*D iH -y*D\H 


6 


0.75 


1.11 


0.77 


0.40 


1.15 


15, V 


5578. 28 


17921.71 


a tCux-x «FSx 


6 




0. 010 


1.22 


1.23 


1.21 


4c 


5578. 07 


17922. 38 


6 *Fox-w <F*h 














15c, V 


5576. 16 


17928. 52 


Ja<F4x-z*D4H 
\&<Pix-w«F5k 














2 


5572. 52 


17940. 23 


a <Djk-z 6D5* 














10c 


5571. 41 


17943. 81 


1835H-J 'Hfo 








1.08± 






2 


5566. 12 


17960. 86 


z«D3K-« fl FjK 














10, V 


5562. 99 


17970. 97 


a M32K-Z 4 SUi 


4 






0.31 


1.20 


(1.79) 


4 


5553. 115 


18002. 92 


aiQix-ztGlH 














5 


5552. 33 


18005. 47 


a j Gjh-1/ fl Dfo 














60, V 


5551.34 


18008. 68 


a*FcH-z*F'\i 


4 




0.52 


1.08 


2.64 


1.60 


2 


5550. 18 


18012. 44 


a *Dih-V *P>5h 














8c 


5549. 60 


18014. 33 
















2c 


5545. 52 


18027. 58 


z «D5j.i-c 6Fix 














9 


5541.461 


18040. 78 


a 2 T>2x-y «Pfa 














3 


5538. 736 


18049. 66 


a*P2H-z*Flx 














4 


5532. 59 


18069. 71 


a2G3*-z2G§* 














30, IV? 


5523. 57 


18099. 22 


a *T>zx-y 4 F>3H 


6 







1.41 


(1.42) 


1.40 


3 


5521.89 


18104. 72 


b *Ft>i—w *D ? ix 














5 


5517. 39 


18119. 49 











1.11 






15c, V 


5512. 81 


18134. 54 
















4c 


5511.22 


18139. 78 
















2ft 


5510. 69 


18141.52 


a *Dox-x «Do^ 














7 


5509. 13 


18146. 66 


a 2 F2^— wWix 


5 




- 


1.40 


(0. 86) 


0.50 


lc 


5506. 74 


18154. 53 


(amix-y 4 Gfo 
\bmi>i-v*GlH 














30c, III 


5504. 58 


18161. 66 


a*F3H-z 6 £% 














5 


5501. 759 


18170. 97 










1.09A 






1 


5500. 53 


18175. 03 


a2DiH-2762\< 














1 


5499. 87 


18177. 21 


amix-x*Fix 














7 


5499. 53 


18178. 33 


a*F2x-z*T>ix 














5ft 


5494. 09 


18196. 33 
















4 


5491. 062 


18206. 37 


z «F3^-c 8F3H 














1 


5484. 58 


18227. 88 


/a<P 1H -z2DJ^ 
\a*H4><-z<H3K 














8 


5483. 48 


18231. 54 


a*Dix-y*Dix 


6 




.- 


1.25 


(1.20) 


1.30 
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Intensity 
Arc 


X air A 


Wave 
No. 
vac. 
cm*" 1 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
P 


Strong- 
est 
n 


Si 


St 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


5c 

15, V 
4c 
3 
1 


5483. 08 
5481. 002 
5479. 205 
5478. 74 
5477. 96 


18232. 87 
18239. 79 
18245. 77 
18247. 32 
18249. 91 


6 2G4H-Z 2 Hfo 
a*PoH-z 4 Fi>* 
z 6 D5h— e 6 Foj4 
b <D 2 *-i> 4 Dfo 


5 




" 


1.65- 


1.03 


(1. 14) 


4c 

6c 

9 
3 
2 


5476. 07 

5469. 55 

5468. 10 
5467. 41 
5466. 90 


18256. 21 

18277. 97 

18282. 82 
18285. 13 

18286. 83 


fzWix-e «Fik 
WT)<m-v 4 Dfo 
(a*Fz H -zGYlx 
\a4DiH-z TO* 

Z 6D2H~« 6 F2H 

a<Fi^-z 6 F2^ 
a *Kiy— x 4 D3H 














1 

1 

4c 
10c 
3 


5462. 98 

5462. 03 
5460. 935 
5458. 043 
5457. 66 


18299. 96 

18303. 14 
18306. 81 

18316. 51 

18317. 79 


faiGm— V 4 Gr5H 

a2F 2 H-» 4 FiH 
a *~Dox—y *I>m 
a 4 D2H-J/ 4 D2H 
a 4 P2H~ z 6 Pih 


6 




__ 


1.33/1 


(1.36) 


1.30 


6 
2 
8 
4 
lc 


5456. 19 
5452. 79 
5448. 306 
5445. 15 
5443. 77 


18322. 73 
18334. 15 
18349. 24 
18359. 88 
18364. 53 


z CDs^-c 6 F3H 
b 4 Pih~ w*Dl^ 
a 4 H3H~2 4 H3H 
z mn-e 6 F2^ 
biF2x-x*G°w 














4c 
2c 

50, III 
1 
2 


5443.08 
5437. 998 
5437. 265 
5434. 46 
5432.478 


18366. 86 
18384. 02 
18386. 50 
18395. 99 
18402. 70 


z *T>lx-e 6F 4 h 
a 4 D2M-z 6 D3H 
a 4 Pih-z 4 P2J4 
a 2F2K-Z 2 G§h 
a 2 F2H—0 4 F2>$ 


4 


0.226 


0.113 


1.140 


1.705 


1.479 


1 
12d, V 

1 
20, IV 

6c 


5431. 77 
5431. 25 
5427. 82 
5422. 42 
5416. 292 


18405. 10 
18406. 86 
18418. 50 
18436. 84 
18457. 70 


b i T>2H— v*T>2H 
a*F2H-z 6 D2^ 
a2F 3 H-w 2 F2M 
a *Ki}i-y *G2H 
a *Pih-V *F>& 


6 

76,4 
5 


0.52 





1.30 

0.68 
1.57 


1.04 

(0. 69) 
1.20 


1.56 

0.70 
(1.35) 


8, V 

2 

2 

2 

2 


5411. 235 
5409. 43 
5404. 427 

5403. 06 

5402. 49 


18477. 95 
18481. 11 
18498. 22 

18502. 90 

18504. 85 


a 4 H4H-z*Hfo 
c 4 Fi^-2 6D3h 
a2Fzx-w*FhA 
fb 4 Fsh-z 4 G^ 
\a^F2^-u*Fiyi 
a2Q3H-z 2 Gfo 


6 







1.00 


(0. 98) 


1.02 


1 
7c 

5 
2 
3c 


5400. 56 
5396. 33 
5395. 849 
5395. 483 
5394. 36 


18511.46 
18525. 97 
18527. 62 
18528. 88 
18532. 74 


z«Dih-c 6 F2H 
a*DoH-2/ 4 Doi>* 
a*PoH-z 2 Dfo 
a 2 F2H-w 2 F2^ 

2 G3H-J/ 4 D2H 


5 




0.59? 


1.91 


0.04 


(1.29) 


6 
1 
3 

10, III? 
4c 


5388. 300 
5383. 99 
5382. 842 

5381. 326 
5380. 705 


18553. 58 
18568. 44 
18572. 40 

18577. 63 
18579. 77 


a *D2}i-y 4 D§h 
a 2F2H-0 4 F3h 
a2F 3 ^-w 2 F3H 
fa 4 P 2 >i-z 6 P2H 
lo 2 G3^-y2H4K 
(a 4 F 2 h-z 6 DJh 
\a 4 G 3 ^-y *Ffc 


5 
6 


0.28 


- 


1.52h 
1.74 


(1.36) 
(1.60) 


1.43 
1.88 


3c 
2 
3c 
8 
4 


5377. 79 
5376. 722 
5375. 916 
5375. 262 
5371. Ill 


18589. 84 
18593. 54 
18596. 32 
18598. 59 
18612. 96 


6 4 D3H-0 4 D5h 
z 6F2>*-e «F 1H 
a 4 H 3 >*-z 4 Hfo 
a 4 H5>$-z 4 H5>* 
a 4 Pij*-z2Sfo 


6 
4 







1.14 
1.52 


(1.12) 
(1.72) 


1.16 
2.12 


4 

1 
4 

6 

7 


5368. 390 
5363. 28 
5363. 075 

5362. 003 

5359. 183 


18622. 39 
18640. 14 
18640. 85 

18644. 58 

18654. 39 


a 4 FiH— z 6 D!h 
a2DiH-z 4 DiH 
a 2 F3H— z 4 Hh 
fa 6D 2 h-z 6 Fih 
\z6D2H-e 6 F3K 
a 4 D 1H -I/ 4 D^ 


5 




0? 


1.49* 


(1.20) 


1.32 
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Intensity 


p* 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 
est 
V 


Strong- 
est 
n 






Arc 


vac. 
cm -1 


nation 


type 


tion 


0i 


03 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


9 


5355.683 


18666. 58 


a 4 H6H— z*H§h 


76,6 







1.23 


(1. 22) 


1.23 


5 


5355. 300 


18667. 91 


\bmix-ymix 














3c 


5355. 086 


18668. 66 


z 6FI^-e 6F 4 K 














5 


5353. 283 


18674. 95 


2 »D1h— e »F 5 H 


4 




__ 


1.08 


(1. 54) 


1.46 


6 


5351. 022 


18682. 84 


a i¥va—w «F|m 














100c, III 


5350. 723 


18683. 88 


a 4 Fsh-2 4 E>2>* 


4 


0.16 


0.08 


0.83 


1.23 


1.39 


2c 


5345. 55 


18701. 96 


b 4 D2H~ p 4 D§h 














200c, III 


5344. 160 


18706. 83 


a 4 F<h~2 4 I>3>i 


4 


0. 113 


0.169 


0.934 


1.330 


1.443 


8c 


5343. 002 


18708. 78 
















10, V 


5340. 793 


18718. 62 


a 4 H4H~ V 4 G3H 


4 







0.95 


0.98 


(1.00) 


1 


5339. 89 


18721. 78 


z SFfo-c «F 3 .^ 














4c 


5337. 872 


18728. 86 


a 4 Fjvi— z 8 D3^ 














6 


5336. 797 


18732. 63 


a 6D 3 h— 2 6 F2>5 














30, IV 


5334. 864 


18739. 42 


a 4 D 2 h— 2/ 4 Pfo 


4 


0.26 


0.13 


0.93 


1.32 


1.58 


lc 


5334. 27 


18741. 51 


a 2 Pl>*-2 6S2>* 














3c 


5326. 341 


18769. 41 


a 2Di>*-z 4 SIh 














3 


5323. 354 


18779. 94 








0ft 


1.04ft 






2 


5321.917 


18785. 01 


z 6 D3>^— e "F4Mi 














2 


5321. 659 


18785. 92 


b 4 D 2 ^-?/ 2 Pf« 














4 


5321. 323 


18787. 11 


a »G 3 H-2762^t 








0.78ft 






3 


5320. 205 


18791. 05 


a 6 DoH-z 6 Fo^ 














15, V 


5319. 485 


18793. 60 


a 4 Dih-2/ 4 Poj* 














50, III 


5318. 597 


18796. 74 


a*Ftx—z*I>bi 




0.230 


0.117 


0.680 


1.025 


1.255 


5c 


5317. 804 


18799. 54 


b m^-x mu 














4 


5317.001 


18802. 38 


a*H4H-2*HSj* 














10 


5315. 543 


18807. 54 


a 4 P2M-z 2 P>2V* 


6 






1.46? 


(1.60) 


1.32 


3c 


5314. 283 


18811. 99 


a i T>2H-y 2 Qhi 














3 


5306. 600 


18839. 21 


a n ~Dix-y 6 Pih 














4c 


5306. 380 


18840. 01 


a 4 H3x-y 4 G§>* 














3 


5303. 27 


18851. 06 


a 4 Fm-z 6D2H 














2 


5301.434 


18857. 59 


b 2Hbm-p 2 GlHt 








0.80ft 






4 


5298. 95 


18866. 43 


a8D4H-2«F§H 














4 


5298. 108 


18869. 43 


a 4 H5^— V 4 (>4^ 














8c 


5296. 34 


18875. 72 


6 4 Pih-w 2 DIh 


6 




0* 


1.27 


1.48? 


(1.06) 


2 


5294. 47 


18882. 40 


a 6 Di^-z 8Ffo 














5c 


5293. 292 


18886. 59 


b 4 D 3 h-p 4 D§^ 


6 







1.41 


1.43 


(1.39) 


2 


5287. 08 


18908. 78 


a 4 Di^-2762H 














20c 


5285. 240 


18915. 37 








w 


1.08 






1 


5281.62 


18928. 33 


a 2 F2H-w 4 F3^ 














8c 


5279. 418 


18936. 23 


a 4 Dsh-2/ 2 G1h 














5 


5278. 542 


18939. 37 


a 4 P2^— 2 6 P3>4 














3 


5277. 42 


18943. 40 


a 4 H5K — 2 4 H<5>$ 














50c. V 


5276. 196 


18947. 79 


a 4 D3>*-2/ 4 P2>* 


4 


0.18 


0.09 


1.01 


(1.42) 


1.60 


5 


5272. 48 


18961. 14 


a 4 Di)^— Z *D$hj 














60c, IV 


5271. 526 


18964. 58 


a 4 Fi^~z 4 DoH 


5 


0.42 


0.21 


0.61 


0.40 


-0.02 


6 


5269. 910 


18970. 39 


a 2G3H-2 2 Ffo 


4 


0.28 




0.20 


0.88 


1.16 


2c 


5260. 849 


19003. 07 


a2Du$-z2Pfo 


4 






1.05 


(0. 96) 


0.78 


3c 


5260. 13 


19005. 66 










l.OOw 






lc 


5255. 52 


19022. 23 


b *¥m-x 4 Gfo 














15, V 


5253. 926 


19028. 11 


a 2 Gsh-2/ 2 <>3H 


6 







0.90 


(0. 88) 


0.92 


10 


5253. 028 


19031. 36 


a 4 H5«-a: 4 Ffo 


4w* 




w 


0. 9Sus 


(1. 12) 


1.18 


10c 


5251. 81 


19035. 77 


fa 6D2H-z 6 F2^ 
\a 4 D 2 H-a: 4 DiH 


4 







1.30 


(1. 36) 


1.44 


15c, V 


5251. 62 


19036. 46 


a 6Do>i-2 6 Fi^ 














10c 


5247. 38 


19051. 84 


a 4 D3^-ar 4 D^ 


4 







1.34m; 


1.41 


(1.47) 


4c 


5241. 50 


19073. 21 


a 4 H 4 ^-2/ 4 GIh 














5c 


5240. 39 


19077. 25 


a 4 Di34-y 4 P?h 














16c 


5237. 43 


19088. 04 


a 4 Doh-i/ 4 P(ta 


6 







1.28 


0.09 


(2.47) 


4 


5236.837 


19090. 20 


a 2 F 3 >*-0 4 Ffo 














3c 


5235. 096 


19096. 54 


a 2F 3 ^-m; 4 GSh 














1 


5234.44 


19098. 94 


a 4 Pih-2/ fl F3H 
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Intensity 
Arc 


X air A 


Wave 
No. 
vac. 
cm-i 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
V 


Strong- 
est 
n 


9i 


92 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


25, V 


5232. 813 


19104. 88 


a 2 Gi^-y j GJh 


6 




w 


1.11 


(1. 10) 


1.12 


2 


5229. 94 


19115.37 


b *Fi\t— v *F5^ 














3 


5229. 37 


19117.46 


a m^-x <Ffo 














12, V 


5225. 156 


19132. 87 


a *Hih-v *dl H 


4 




w 


1.14w 


1.22 


(1. 25) 


15c, V 


5219. 09 


19155. 11 


a *Dz H -y 6P2H 


4 


0.34 


0.17 


0.56u; 


1.41 


1.75 


3c 


5218. 46 


19157. 42 


b *Fsh-m «FIk 














4c 


5211. 239 


19183. 97 


z «F§K-e «F 4 h 


5 







1.66 


(1.40) 


1.46 


2 


5210. 26 


19187. 57 


fO <F4H-W<F3K 

\b *D2^-t> *G|h 














8 


5205. 132 


19206. 48 


a2G<H-z 2 F§*i 


4 




0? 


1.03ft 


(1. 10) 


1.14 


3c 


5204. 03 


19210. 54 


2 6 F2H-e 6 F 3 h 














10, V 


5203. 224 


19213. 52 


Ja*DiH-z J PiH 
\a2DiH-I/ 6 P2H 


6 


0.25 


0.39 


1.33 


1.20 


1.45 


3 


5201. 938 


19218. 27 


a 2 F2*4— x 2Di^ 














3 


5201. 089 


19221. 41 


a«D3^— z 6 F3H 














2c 


5197. 37 


19235. 16 


fa <D 2 H-2/ 6 Pih 
\a<H4H-z<F? H 


4 







0.43 


(1.36) 


1.98 


20, IV 


5195. 839 


19240. 83 


a*Fm-z*Dlx 


6 




1.29 


0.84 


0.41 


1.27 


5 


5193. 454 


19249. 66 


a *Fm-v 2 F?h 














40c. V 


5193. 078 


19251. 06 


a*F2X-z*T)2H 


6 


0.37 


0.94 


1.19 


1.01 


1.38 


20, IV 


5189. 198 


19265. 45 


a 6 D4H~ 2 6 P>3H 


76,5 







1.57 


(1. 55) 


1.54 


15, IV 


5186. 987 


19273. 66 


a BDi^-z <>F!^ 


4 


0.50 


0.25 


0.60 


1.85 


1.35 


lh 


5183. 81 


19285. 47 


b «D*h-*> 2D1h 














50, IV 


5180. 306 


19298. 52 


o»D3^— Z c D5h 


76,5 







1.61 


(1. 58) 


1.56 


3c 


5178. 209 


19306. 33 


6 <F 4 H-w 'Ffo 














2 


5174. 569 


19319. 91 











1.15 






3 


5174. 198 


19321. 30 


b 4 F2M— to *F5h 














1 


5167. 37 


19346. 83 


b 4 Doh— y 2 SSh 














1 


5166. 96 


19348. 37 


a 4 G3^— z 4 G3H 














40c, IV? 


5164. 368 


19358. 08 


a*F3i4— z 4 Dfo 


6 


0.20 




1.33 


1.23 


1.43 


1 


5161. 63 


19368. 34 


b <D, H -y 2 Sfo 














50, IV? 


5160. 335 


19373. 20 


a«D 2 >*-z 6 Dfo 


4 







1.59 


(1. 65) 


1.73 


2 


5158. 030 


19381. 86 


a6D4^-z 6 Ffot 






- 


1.80 






3 


5157. 486 


19383. 91 


a 2 F3H-0 2 F§h 














2 


5157. 14 


19385. 21 


a 2 D 2 >i-y 2 Dfo 














2 


5153. 63 


19398. 41 


a 2 Pi*-3/ 2 F§>* 














6 


5153.028 


19400. 68 


b Wzx-x <Pfo 














12c 


5152. 623 


19402. 20 


a <D 2 H-y 4 Pk 


6 


0.24 


0.60 


f 


(1.36) 


1.00 


7c 


5150. 636 


19409.69 


a <H5H-3/ 4 GSh 














12c 


5147. 537 


19421. 37 


6 4 D 3 >*-:r 4 P^ 


4 




w 


1.13 


1.43 


(1. 55) 


lc 


5146. 03 


19427. 06 


b<F4x-x4Glx 


5 




w 


1.30 


(1. 22) 


1.24 


1 


5145. 65 


19428. 49 


&4DiH-z*Pfo 














3 


5140. 68 


19447. 28 


b *E.4M-x 2 HEh 














8 


5140. 578 


19447. 66 


b 4 F2H~ « 4 F5h 


6 


0.19 


0.47 


0.94 


0.85 


1.04 


3c 


5137. 398 


19459. 70 


6 *F tH -v <Ffo 














2c 


5135. 47 


19467. 01 


a 4 G2H— ^ 4( J3>^ 














40, IV? 


5134. 752 


19469. 73 


fa «Dih— z 6 Doj^ 
\6*FtK— « 4 F§^ 


4 


1.16 


0.58 


1.27 


1.85 


3.01 


7 


5133. 338 


19475. 09 


a 4 PiK-^ 2 D2H 


4 




- 


0.70 


(1.72) 


1.31 


1 


5129. 74 


19488. 75 


a 2 F3^— W 4 D3H 














2 


5128. 278 


19494. 31 


a 2 F 2 ^-» 2 F§« 














9 


5127. 662 


19496. 65 


a 2 Po^-l/ 2 DIi^ 


5 






0.89 


(0. 64) 


0.81 


4c 


5124. 694 


19507. 94 


a<Do^-2 2 PiH 














12 


5121. 801 


19518. 96 


6 4 F3^— w *Gzy 3 


6 




0.18 


1.08± 


1.11 


1.06 


20, V? 


5120. 298 


19524. 69 


0«D2H-Z 6 F3^ 


4 


0.23 




0.82 


1.63 


1.40 


3 


5118.065 


19533. 21 


a < G2^— w*Fva 














5 


5116.741 


19538. 26 


a 2 D 2 H-1/ 2 P>2H 














6c 


5110.910 


19560. 55 


a 4 G5^— ^ 4 GSh 


76,6 







1.26 


(1. 27) 


1.25 


4c 


5102. 38 


19593. 25 


fl 4 G5M— » 4 FIh 


5 




w 


1.37A 


1.27 


(1.22) 


30, IV 


5100. 162 


19601. 78 


a 6 D2H - 2 6 D2^ 


6 


0.08 


0.19 


1.60 


1.64 


1.56 


3 


5098. 87 


19606. 74 


a 2 G3M-J/ 2 G$k 














5c 


5097. 77 


19610. 97 


a 6 Di^— 2 'Dfjj 














2 


5096. 57 


19615. 59 


a 4 G 4 H-0 4 F3H 














7c 


5095. 535 


19619. 57 


o 4 Fih-w 4 F!h 
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Intensity 
Arc 


X air A 


Wave 
No. 
vac. 
cm-i 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
V 


Strong- 
est 
n 


0i 


02 


1 


2 


3 


4 


5 


6 


7 


7 


8 


10 


80c, IV? 


5095. 298 


19620. 48 


a 6 D3^— z 6 D°m 


6 




0.11 


1.58 


1.59 


1.57 


3 


5095. 14 


19621.09 


a 2 F3H— u *FJh 














9c 


5094. 41 


19623. 90 


a G Do>i— z 6 Do^ 














9c 


5088. 82 


19645. 46 


b<Yxx-w 2 V2X 


5 


0.58 


0.25 


1.86 


0.41 


0.99 


3ft 


5086. 83 


19653. 14 


a 2 H5H-z 4 l4H 














2 


5085. 00 


19660. 22 


a*Ghyi—z*IhA 














3 


5084. 85 


19660. 80 


6<PiH-lMD§M 














2 


5082. 31 


19670. 62 


aiQzx-v tFhi 














3 


5079. 314 


19682. 23 


a »FiH-ffl 2 Di>* 














150, IV 


5078. 959 


19683. 60 


atDix-zQDM 


lb 







1. 55 


(1. 55) 


1.55 


7c 


5077. 391 


19689. 68 


a 4 G2«— P 4 F!m 


4 






0.64 


(0. 74) 


0.81 


5c 


5075. 97 


19695. 19 


a *Fim— z 4 DIk 














3c 


5072. 56 


19708. 43 


a 2 G 3 ^-2 "Flu 














4c 


5071. 60 


19711.93 


\a *Sm-x 4 G2>.i 














20, IV? 


5065. 25G 


19730. 85 


a<>D3H-z 6 *l>ii 


4 




w 


0.95+ 


(1. 58) 


1.44 


3c 


5064. 45 


19739. 99 


aiDix-yiThi 














lc 


5060. 99 


19753. 49 


b *¥m-v 2 F§h 














10 


5059. 353 


19759. 88 


b*F 2 A-u i F$A 


5 






1.80- 


(0. 85) 


1.12 


40, IV? 


5057. 999 


19765. 17 


a6Do^-z 6 Dfo 


4 




0~82 


0.90 


3.34 


1.71 


2c 


5055. 62 


19774. 47 


a<D 3 H-z 4 H3H 














8 


5054. 671 


19778. 18 


fb*Fix-wmx 

\bm^-ymi H 


6 




0.15 


1.23± 


1.21 


1.25 


2 


5049. 91 


19796. 83 


a*Gz>i-w2FbA 














12c 


5047. 956 


19804. 49 


b WlH-X *P 2 H 


7b 







1.56 


(1.56) 


1.56 


3 


5046. 756 


19809. 20 


b *Fva-w 4 G3).* 














5 


5043. 985 


19820. 08 


b *Fz^—w i Q°vA 














l/i 


5043. 47 


19822. 11 


a 2 D 2 H-z 6 S2M 














3c 


5043. 030 


19823. 84 
















40, IV 


5039. 032 


19839. 56 


a 6 Di^-z&D2v* 


4 


0.298 


0.149 


1.123 


1. 868 


1.570 


lc 


5037. 89 


19844. 06 


a <Dih-:t 4 F>2>s 














6c 


5035. 99 


19851. 55 


b <Fih-w <F2>* 














5c 


5031. 884 


19867. 75 


a*GzK— x*G°m 














7 


5030. 130 


19874. 67 


fa 2 Fz>i-w 2 D°2H 
\b*~Dzx-viGl>i 


4 




" 


1.05 


1.14 


(1.21) 


3 


5029. 67 


19876. 49 


a *G3x-w *F2A 














2 


5028. 65 


19880. 52 


a 2 G 4 ^-2; *D^ 














20, V 


5026. 362 


19889. 57 


a 4 Gj>*-tt 4 Ffo 


4 




- 


0.72 


(0. 74) 


0.77 


8c 


5019. 512 


19916. 72 


&<F3H-» 2 F3H 


6 






1.16 


(1. 12) 


1.20 


40, IV? 


5017. 743 


19923. 74 


a«D 2 >*-z 6 D§>* 


4 




w 


1.32 


(1.65) 


1.55 


3c 


5017.363 


19925. 25 


a 4 F 2 >«-z*D;ta 














9c 


5013. 275 


19941. 49 


b*Fzyi-w A Fhi 


5 




._ 


1.40- 


(1. 12) 


1.22 


4 


5011. 750 


19947. 56 


fa*T>ix-y «P2.v* 
\& 2 G 3 H-3 2 F& 














6 


5008. 039 


19962. 34 


b *Fih-v 2 F2X 


6 







0.84 


(0. 85) 


0.83 


12 


5002. 247 


19985. 46 


amix-wmx 














20c, V 


5000. 958 


19990. 61 


b *F iH -u 4 Ffo 


6 







1.24 


1.23 


(1. 25) 


4 


5000. 712 


19991. 59 


a6D 3 K-z 4 E>iK 














15, V 


4997.880 


20002. 92 


a 4 G 3 *-w 4 F2H 


5 







1.12 


(1. 08) 


1.05 


12 


4994. 303 


20017. 25 










1.55- 






1 


4993. 83 


20019. 14 


a 4 G3j4— z*Uh 














3 


4993. 232 


2002L. 51 


jb *Fva-w 4 D3H 
\a 4 D 3 *-z 4 Hfo 














6C 


4992. 466 


20024. 61 


a 4 G4H-z 4 Ifo 














40, IV 


4988. 972 


20038. 64 


a 6 D3K— z 6 F>4H 


4 







1.45 


(1.58) 


1.53 


1 


4985. 18 


20053. 88 


a 2 H4X-z 4 l4X 














1 


4976. 75 


20087. 85 


6 4 PoK-t> 4 F>itf 














10c 


4975.135 


20094. 37 


a*G4^— w 4 F5h 


5 




w 


1.56- 


1.21 


(1. ID 


15, V 


4973. 138 


20102. 44 


a mix-v <F\h 


4 






1.20* 


1.22? 


(1. 22) 


10c 


4971.917 


20107. 37 


a 8 Do^— z 4 Dox 














30c, IV 


4967. 777 


20124. 13 


a A Gtx— u 4 FSh 














25c, V 


4965. 375 


20133. 86 


a 4 n 3 >i-x 4 G2>i 


5 







0.81 


(0. 69) 


0.64 


7 


4963. 189 


20142. 73 


a«D 3 ,4— z 4 D2H 














5ft 


4962. 950 


20143. 70 


a*GiM— w 4 G 3 4 














8c 


4957. 393 


20166. 28 


a 'Dax-z 4 Djh 
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Table 4.- — First spectrum of columbium (Cb i)- — Continued 



Intensity 


Xsir A 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 
est 
V 


Strong- 
est 
n 






Arc 


vac. 
cm-i 


nation 


type 


tion 


0i 


02 


1 


2 


3 


4 


5 


6 


7 


7 


8 


10 


3c 


4956. 60 


20169. 51 


a2H5^-z 4 I<5K 














7 


4953. 124 


20183. 66 


a2D lH -yiT>hi 


6 






0.88m; 


(0. 95) 


0.81 


1 


4951. 54 


20190. 12 


a*G4x-2«H!H 














12c 


4945. 432 


20215. 05 




5 







1.34 


(1.23) 


1.26 


2h 


4941. 905 


20229. 48 


a 6Dij*-z *Di^ 














9 


4941. 513 


20231. 09 


a2H4H~ w 4 Flta 














1A 


4937. 45 


20247. 73 


a *Gix-v *F!h 














2 


4933. 20 


20265. 18 


a <D3H-2/ 4 G334 














2 


4932. 140 


20269. 53 


b tQw-v <G2tf 














4 


4929. 556 


20280. 16 


am^-z^Ily t 














15, IV? 


4928. 969 


20282. 57 


b iFm-w *Gsh 


5 







1.32 


(1. 22) 


1.25 


6c 


4924. 862 


20299. 49 


a 2 Hsh— w 4 G?h 














1 


4921. 07 


20315. 13 


a 4 G3H— u 4 FJta 














U 


4920. 75 


20310. 45 


a iDix-y *Q|h 














15c 


4916. 392 


20334. 46 
















7 


4915. 842 


20336. 74 


g 2 Dih-!/ 2 D2H 














30, IV 


4910. 948 


20357. 00 


a 2Fsh-*' 4 D2H 


t 




w 


1.10+ 






7c 


4908. 716 


20366. 26 


6 *PtK— % 2 F2K 














3 


4908. 331 


20367. 85 


b 2Qi H ~t «FS« 














25, IV 


4904. 534 


20383. 62 


a6Do^-z<DlH 


4 




1.03 


0.24 


(3. 32) 


1.27 


1/J 


4903. 02 


20389. 92 


(arPix-viFix 

16 m^~% mix 














20, III 


4900. 786 


20399. 21 


a zHix—w 4 G§h 


4 




w 


0. 51+ 


(0. 93) 


1.05 


4 


4898. 491 


20408. 77 


a 4 G3^— w 4 D?h 














2 


4897. 51 


20412. 86 


b iGix-w 2 Hfo 














10c 


4895. 574 


20420. 93 


/a 4 P 2 *-2/ «Dfo 

(omM-wwix 














12c 


4892. 50 


20433. 76 


(a *G2x-u 4 F§ji 
\a 2G4H-Z/ 4 GSh 














25, IV 


4890. 739 


20441. 12 


a Wix-x 4 GI><j 


4 







0.96 


(0.98) 


0.99 


3 


4889. 809 


20445. 00 
















7c 


4889. 551 


20446. 08 


a 6D 2 ^-2 4 P% 






w 


1.20* 






5 


4885. 765 


20461. 93 


a6D4M-z 4 D^ 














2 


4881. 68 


20479. 05 


a2D 2 H-2/ 2 F2H 














8c 


4880. 714 


20483.10 


a i G2H—w 4 G1^ 














1 


4879. 20 


20489. 46 


a 2 Fix~v 4 F?h 














5 


4878. 496 


20492. 41 


b 4 Pih-* 4 Pm 














5 


4872. 505 


20517. 61 


(a*Gzx-v 2 Ffo 
\a2G 4 H-z 4 Hfo 














20, V 


4868. 99 


20532. 42 


(z 6 GeH-e 6 F5K 
\a2G 3 ^-l/ 4 G2H? 














12c 


4866. 842 


20541. 49 


J& 4 P lH -p2Dfo 
\a 4 G^-t;2F^ 






w 


1.00+* 






2 


4860. 994 


20566. 20 


a 4 G4^-w 4 Ffo 














lh 


4857. 31 


20581. 79 


a 4 Pih-2/ 6 Doh 














1 


4853. 89 


20596. 30 


b Wix-y 2 S°ox 














6 


4852. 273 


20603. 16 
















7c 


4851. 881 


20604. 83 


fa 4 G 2 H-* 2 P>ih 
l62G 3 >i-w 4 GS^ 














2 


4849. 35 


20615. 58 


a2P!^-w;2F^ 














100c, V 


4848. 359 


20619. 79 


a 4 D 3 ^-|/ 4 GI^ 


4 




w 


0.77+ 


(1. 42) 


1.28 


3/1 


4847. 39 


20623. 91 


6 *Pox-V 2 PiH 














2 


4845. 46 


20632. 13 


a 4 Pi^-l/ 4 Ffo 














20, V 


4845. 170 


20633. 36 


a *H 5 h-w 4 FSm 


4 




w 


0.45+ 


1.10 


(1. 25) 


20c 


4842. 139 


20646. 28 


a 4 G4H~ w mix 


4 




w 


0.94 


1.25 


(1.34) 


1 


4840. 39 


20653. 74 


a 2F3H— v *DIh 












1 


4840. 28 


20654. 21 


a 4 DiM-p 4 G2H 














20c, V 


4837. 98 


20664. 03 


a 4 Dsh— * 4 Ffo 














15 


4837. 615 


20665. 59 


f2«GfiH-ff«F4M 

\a 4 G3^-to 4 G^ 














40, III? 


4833. 362 


20683. 77 


a«DiH-z 4 D2^ 


4 


0.46 


0.23 


0.72 


1.86 


1.40 


3 


4832. 21 


20688. 70 


183 6 h-^ 3HS« 














2 


4830. 69 


20695. 21 


a *Fix~w «F& 
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Table 


4.- — First spectrum of columhium (Cb i)- — Continued 


Intensity- 
Arc 


X air A 


Wave 
No. 
vac. 
cm-i 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
P 


Strong- 
est 
n 


0i 


0t 


l 


2 


3 


4 


5 


6 


7 


8 


9 


10 


30, V 

l 

" l 

6c 

3 


4829. 302 
4826. 97 
4826. 50 
4824. 954 
4821. 11 


20701. 16 
20711. 16 
20713. 18 
20719. 81 
20736. 33 


z 8 G1h— <°F3H 
b 2H4H-* 4 F3* 

6 4 Dj><— w 4 D3h 
a J F3K— w 2GSh 
a *B 2 }i—x 4 Ffo 






w 


0.89+ 


1.29 


(1.40) 




l 
80c, IV 

2 

2 
I2c 


4820. 07 

4816. 375 

4814. 98 
4812. 12 
4811. 287 


20740. 81 

20756. 72 

20762. 73 
20775. 07 
20778. 67 


b*T>ix-u*m>i 

{am^-x 2G5« 
(HVm-ym* 
b 2 H5H-fl 2 Kv* 
a*G4M-w 4 Fix 


4 
6 








1.10 
1.23 


(1. 12) 
1.21 


1.12 

(1.25) 




100c, V 
30, V 

4 

4c 
10 


4810. 584 
4809. 357 
4809. 12 
4809. 03 
4807. 052 


20781. 70 
20787. 01 
20788. 03 
20788. 42 
20796. 98 


a Wzx-x 4 FJk 

a*QzH— w*F\h 
a iDw-y *FIh 
a*GiH-V A QiK 














1 

1 


3 

9 
2 

5c 

9 


4805. 61 
4802. 442 
4798. 818 
4793. 07 

4790. 902 


20803. 22 
20816. 94 
20832. 66 
20857. 64 

20867. 08 


a»DiK-2 4 D5Kt 
a 2 Gix-x *F' 3 yi 
a 4 Ho>*— z 4 Ish 
\a*V 2 H-y*DlH 
{a*G3K— w*T>Im 






2.56 


1.44+ 








6d 
3 

1 
7 
5c 


4790. 58 
4787. 73 
4787. 56 
4785. 697 
4784. 30 


20868. 48 

20880. 91 

20881. 65 
20889. 78 
20895. 88 


a*Fzx-z*Glyi 
a 4 G2X-t>2FgH 
a *Poh-?/ 6 D5h 
b*Fzx-t*mH 
b*Gzyi-rm>i 


5 







0.91 


0.89 


(0.88) 




4 
1 

5c 

1 
6c 


4782. 948 

4782. 44 

4780. 98 
4780. 07 
4777. 62 


20901. 78 

20904. 00 

20910. 38 
20914. 37 
20925. 09 


a 2 H4H— w 4 DSh 
/& 4 D2K-u> 4 Sfo 
\a «S2X-w 4 Df H 
b *T)ox—w 4 Sfo 
a 2 F2>*;— 10 2 G3X 
a mw-w 4 G$K 


t 




w 


1. 46- 








2 
2 

20c 
be 

1 


4776. 224 
4776. 07 

4773. 24 
4772. 79 
4772. 20 


20931. 21 
20931. 88 

20944. 29 
20946. 27 
20948. 86 


fa 4 Pox-I/ 4 F!k 
\b*~DiH-w 4 Sfo 
a *D 2 >*-:r *Flyi 
b 2 G4K— w 2 GIh 
a J Ga>i— V 2 &hi 
















7 
5 

30c, V 

6 
2c 


4771. 852 
4767. 07 

4766. 80 

4766. 53 
4758. 12 


20950. 38 

20971. 40 

20972. 59 

20973. 78 
21010. 85 


a 2G4«— I *Ffo 
a *T>2H—y *D°m 
/z«GiH-<? 6 F3K 

\bmsH-wmiH 

z «Gfo— « "Fih 
a *Kzh-w j FJh 


4 
5 








0.68 
1.12 


1.13 

0.99 


(1.31)L 
(0. 93) 




4 

10c 
5 

3d 
1 


4756. 538 
4755. 318 
4754. 957 
4753. 48 
4752. 86 


21017. 84 
21023. 23 
21024. 82 
21031. 36 
21034. 10 


6 *F iH -v <D$h 
b *Fsx-v <Dih 

a mm-u *F\h 
















bh 
20 
5 

200c, V 
3c 


4752. 10 
4751. 44 
4750. 74 
4749. 706 
4748. 84 


21037. 46 
21040. 39 
21043. 49 
21048. 07 
21051. 91 


b *Hm-x *m H 

Z 6Gfo-<! «FiM 

a 4 H4H-«; 2 F5M 
a 4 He^ — x 4 Gfo 
6<D 3 >i-u 4 DSH 


4 




to 


1.14m; 


1.21 


(1.24) 




3/i 
9c 

10c 


4748.04 
4746. 987 

4745. 020 


21055. 45 
21060. 12 

21068. 85 


a 4 F2M-z 4 G5m 
fa 4 PoH-y 9 DiH 
\a 4 Gt^— to *D!k 
















30, V 


4744. 622 


21070. 62 


(aiGtx-w *GIh 
la 4 Diu— v2D5w 


5 







1.41 


(1.23) 


1,26 




15, V 


4743. 839 


21074.10 a*D['H-x*F\H 


1 1 
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Intensity- 
Arc 


X * ir A 


Wave 
No. 
vac. 
cm-i 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
V 


Strong- 
est 
n 


(7i 


0i 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


4c 


4742. 43 


21080. 36 
















3 


4742. 072 


21081.95 


a*Hsx— x*Q\x 














15c 


4740. 61 


21088. 45 


a*T , ix-y«~D2H 


4 







1.50 


(1. 72) 


1.63 


2 


4740. 426 


21089. 27 


biFix-wtQlx 














20c 


4736. 49 


21106.80 


b m^x-v 2 ifo 


5 




w 


1. 55- 


1.01 


(1.09) 


10 


4735. 339 


21111.93 


a*mx-z*IU 














60c, V 


4733. 885 


21118.41 


a*T>ix-x*Flx 


4 


0.17 


0.09 


0.77+ 


1.37 


1.20 


30c, V 


4733. 483 


21120.20 


a*T>iH-z*T>lH 














20 


4730. 312 


21134.36 


a*H5K-z 4 l5K 


6 




0.79- 




(1. 12) 


0.98 


10c 


4727. 320 


21147. 74 


a*H6K-z<Ifo 














4d 


4726. 77 


21150.20 
















2 


4724. 48 


21160.45 


a *Gzh-x *F^x 














15c 


4723. 795 


21 163. 52 


z 6GSh-« 6 F4>* 














3 


4723. 146 


21166.43 











0.96 






2 


4720. 10 


21180.08 


6 *F2x-v 4 Dl4 














8 


4718. 024 


21189.40 
















20 


4715. 819 


21199.31 


z »Gfo-e "Fok 


4 




0.34 


0.34A 


0.00 


-0.68 


80, V 


4713. 495 


21209. 76 


a<F4H-z 4 F.3vs 


5 




w 


1.635 


(1. 330) 


1.243 


9c 


4713. 038 


'21211.82 


a<DoH-2/ 2 DiH 














64 


4711. 872 


21217. 07 


ra*H 3 >$-w 4 F5h 
Wlitx-w Kiln 














150, IV? 


4708. 284 


21233. 24 


a*mx-z*Ihi 


5 


0.146 


0.216 


1.273 


(0. 690) 


0.836 


bd 


4707. 103 


21238. 57 


b <Pok-2 4 Pi* 














100c, V 


4706. 132 


21242. 95 











1.082 






4 


4705. 09 


21247. 65 


a*D2H-* 4 Gl3H 














4 


4703. 92 


21252. 94 


a 4 G3H— W 2 F>lx 














5 


4702. 02 


21261.53 


b *Qzx-t 2 E>2* 














4 


4697. 752 


21280. 84 


b^Y%x-u^T>v4 














30, V 


4697. 468 


21282. 13 


a<DiH-* 4 F2>* 


4 


0.19 


0.09 


0.72+ 


1.20 


1.01 


2 


4695. 93 


21289. 10 


a^Bux—u^F'm 














20c, V 


4695. 46 


21291. 23 


a*mx-z*®lx 


5 


0.40 






(0. 690) 


1.09 


15c, V 


4694. 50 


21295. 58 


z 6G!h-« 6 F2H 














3 


4692. 255 


21305. 77 


m 5H -t 8 afc 









0.96 






10 


4689. 162 


21319. 82 
















5c 


4688. 83 


21321. 33 
















4 


4688. 49 


21322. 88 
















3 


4687. 790 


21326. 06 


a mix-w *Gl H 














1ft 


4687. 19 


21328. 79 


a *Qix~V 4 G«H 














9 


4685. 925 


21334. 55 


/z°a3H-e fl F3H 
WQzx—x 4F3* 














9 


4685. 518 


21336. 41 


a 2 Pik-p 2F§* 














100, V? 


4685. 133 


21338. 16 


a 4 H 4 H-z 4 l5H 


76,5 







0.986 


(0. 984) 


0.984 


1 


4683. 68 


21344. 78 


b 2 G4Hi— u 2 Qlx 














7 


4682. 984 


21347. 95 


a Wix-v 2 Dfo 














10c 


4682. 664 


21349. 41 


Z BGlH-C 6Fi}* 














2 


4681. 997 


21352. 45 
















3 
1 


4681. 66 
4681. 53 


21353. 99 

21354. 58 
















4c 


4680. 890 


21357. 50 


a *mx-v 4F1v* 














22d, V 


4678. 48 


21368. 50 


a <Do>^— x *F°m 


5 


0.38 


0.19 


0.62 


0.05 


0.43 


150, V? 


4675. 371 


21382. 71 


a^F3^-z<GI^ 


4 




w 


0.91 


(1.24) 


1.17 


12c 


4673. 589 


21390. 86 


b 2 G^-* 2 Gsh 














200c, V? 


4672. 097 


21397. 69 


a iFm-z *Qlx 


4 




w 


0.96 


(1.33) 


1.26 


3c 


4670. 87 


21403. 32 


fa<G 5 H-z 2 H^ 
\6 2 H4H-r 2 F§ H 














10 


4669. 868 


21407. 91 


a *H.ix-u *FIh 














2c 


4669. 32 


21410. 42 


a iH-m—w <F§^ 














3c 


4668. 966 


21412. 04 
















6 


4668. 232 


21415. 41 


a *Piy 9 -x «Dfa 














50, V 


4667. 224 


21420. 03 


ra<F 3 H-z 4 P2vs 

\a 4 F2^— z*F\x 


5 


0.179 


0.093 


1.673 


(1. 235) 


1.056 


6c 


4666. 630 


21422. 76 


b mm-y nix 














100, IV? 


4666. 251 


21424. 50 


a 4 Hbx— z 4 I§h 


4 




w 


0.92 


(1. 12) 


1.09 


10 


4665. 333 


21428. 72 


b <Fih-p 4 DIh 
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Intensity 
Arc 


Xair A 


Wave 
No. 
vac. 

cm-i 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
V 


Strong- 
est 
n 


Q\ 


02 


1 


2 


3 


4 


5 


6 


7 


7 


8 


10 


5 

4 

100, IV? 
4c 
5ft 


4664. 366 

4663. 97 

4663. 831 
4662. 89 

4660. 98 


21433. 16 

21434. 98 

21435.62 
21439. 94 
21448. 73 


6 4 F3v*— z 'HI^ 
(b «DsK-y «H^ 
\b*P2K-u*T>lx 

a 2 F2ii-v*Ghi 


4 






0.862 


(1. 029) 


0.981 


3/i 
12 
1 
1 
3 


4660. 70 
4658. 186 
4655. 953 
4654. 89 
4652. 08 


21450.02 
21461.59 
21471.89 
21476. 79 
21489. 77 


a 2 D 2 h-z 2 Fhi 
a 4 P2>*-£ «D§* 
b *Fix—w *S\i4 
b *F 2 H-» *F>U 














2 

40, V 
100, IV? 
20c 

4c 


4649. 622 
4649. 255 
4648. 949 
4646. 952 
4645. 84 


21501.12 
21502. 82 
21504. 24 
21513.48 
21518.63 


amiH-znix 

a*Fiyi-z*QhA 
1835H-0 *Hfa 


5 


0.175 


0.087 
w 


0.841 
0.79+ 


0.403 


0.578 


5c 
10c 
10 

3 

5 


4643. 86 
4643. 682 
4643. 315 
4642. 46 
4640. 248 


21527.80 
21528. 63 
21530. 33 
21534. 29 
21544. 56 


a *Dzx-y 2 F34? 

<L*lIiM-X*GlM 

a<F 3 ^-z 4 P2H 

b m 5 x-w mi* 














4 


4638. 17 


21554. 21 


a 4 Poh-z *I>5« 


6 




d? 


2.54± 


(2. 65) 


2.43 


10 

5c 
1 
3 


4638. 105 

4633. 80 
4632. 25 
4631. 976 


21554. 51 

21574. 54 
21581.76 
21583. 03 


(a *H.!>x-w *Gl\4 
\a flS 2 ^-y 2 Ffo 

a 2Poh-» <F?h 














Zh 
100, IV? 
Id 

1 
4c 


4630. 30 
4630. 115 
4627. 477 
4625. 335 
4624. 576 


21590. 85 
21591.71 
21604.02 
21614.02 
21617.57 


a«HeK-z*Ifo 

b *Fm-y *P5k 
a*Dm-x*G°2x 


4 




w 


0. 994 


1.22 


1.19 


6 
2 
3 

50, V 
5c 


4622. 338 
4620. 02 
4619. 42 
4616. 162 
4614. 740 


21628. 04 
21638. 89 
21641. 70 
21656. 97 
21663. 64 


a 4 PiH-2/ 4 F>iH 
a «Fsx-e *Qin 

a «F2X— z 4 Ffo 
a *Fix-u »FIh 


5 


0.607 


w 
0.301 


1. 12± 
1.941 


1.030 


0.416 


4 
8 
2 
7c 
4 


4612. 465 
4612. 108 
4612. 02 
4610. 698 
4610. 106 


21674. 33 
21676. 01 
21676. 42 
21682.64 
21685. 43 


1835H-* 4 Ffo 
a *H.3x-v <Ffo 
a *Fm-x 6 D2>$ 














9c 
1 
200, III 
4 
5c 


4608. 567 
4607. 28 
4606. 760 
4605. 649 
4603. 797 


21692. 66 
21698, 72 
21701. 17 
21706. 41 
21715. 14 


b *Fm-z mix 
a*G2x— v 4 Di>^ 
a^Fm—z^FXx 

a *Pom-z 6 Dfo 


76,6 




9 


1.334 


(1. 332) 


1.336 


7 

2 

30, V 
10c 

4 


4602. 864 
4602. 48 
4600. 22 
4599. 475 
4592. 42 


21719. 54 
21721. 35 
21732. 02 
21735. 54 
21768. 93 


a 4 Po>*-2/ 4 Dfo 
b *F m -x *Fm 
a 2 H5K-w 2 GSh 
a*F>xx-V*SvA 
a 2 Pix-w 2 Dfa 


76 







1.10- 


(1. 10) 


1.10 


6c 

7c 

4 

20, V 
100, V 


4584. 849 
4583. 49 
4583. 132 
4582. 283 
4581. 623 


21804. 88 
21811.34 
21813. 05 
21817. 09 
21820. 23 


b*Fix-u<T>ix 
a *Giy a -v *T) ? ix 

a *PfH— V *PIm 

amsH-zmx 


4 

4 




IV 


1.521 
1.03 


(1.596) 
(1. 10) 


1.646 
1.08 


12 
25c, V 

2 

7 
200c, III 


4575. 372 
4574. 848 
4574. 572 
4574. 338 
4573.077 


21850. 04 

21852. 54 

21853. 86 

21854. 98 
21861. 01 


aiT>2x-w*Flx 
c 6 Dih— z 4 P6w 
a 4 G2^— v 4 D5>j 
B«H4H~»*FIh 

a^Fz^-z^Flx 


4 
76,6 




0.298 



1.23 


(1. 863) 
(1.23) 


2.459 
1.23 
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Intensity 
Arc 


X air A 


Wave 
No. 
vac. 

cm-i 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
V 


Strong- 
est 
n 


9i 


02 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


6 

4 
6c 
2h 

4 


4570. 960 
4569. 49 
4569. 15 
4567. 34 

4567. 11 


21871. 13 
21878. 17 
21879. 80 

21888. 47 

21889. 57 


6 <F 3 >*-P 4 G§x 
a*H4H-w*Ffo 

\a*F2H~y i QlH 


6 


0.09 


0.32 


~~ 


(1. 12) 


1.03 


60, V 
6c 
2 
4c 
5 


4564. 530 
4564. 205 
4562. 33 
4561. 47 
4559. 429 


21901. 94 
21903. 50 
21912. 50 
21916. 63 
21926. 44 


a 2 H4H-z *I!h 
a2H 5 ^-z 2 Hfo 


76,5 







0.96 


0.93 


(0.94) 


15 

3 

30, V 
5 
3 


4556. 854 

4555. 556 
4553. 839 
4551. 909 
4551. 52 


21938. 83 

21945. 08 
21953. 36 
21962. 67 
21964. 54 


fa<PoH-2/ 4 D!H 
\a*F2H-z 2 D?K 

a*P2K-z 2 Pfo 
6 *Fva-v 4G2H 
a 4 F4H-2/ 6 FIh 


4 
5 






w 


0.67? 

1.79 


(2. 65) 
(1.60) 


1.27 
1.47 


Ad 
3 

8 

120, III 
4 


4551. 03 
4550. 65 

4547. 847 

4546. 820 
4543. 72 


21966. 91 
21968. 74 

21982. 28 

21987. 25 
22002. 25 


b^Gix-vmiH 

(a*Dtx-y 2 F§* 
\a 2F3M-0 2 £>2H 

0<F2H~Z 4 F2H 


6 




0.101 


1.046 


(1. 029) 


1.062 


12c 

4 

4c 
5c 
2 


4542. 797 

4541. 863 

4540. 10 
4537. 59 
4537. 33 


22006. 72 

22011. 24 

22019. 79 
22031. 97 
22033. 24 


a 6 Do^— z 4 Poh 
(o *F iyi -v 4 GIh 

[a*Diyi—w 4 DIh 

a *Gz}4-v i~Dlx 
6 4-F4K-U 2 F5h 


6 




0.68* 


2.90 


(3. 32) 


2.48 


3d 

3c 

1 

6 

2 


4533. 92 
4532. 47 
4530. 43 
4529. 415 
4529. 250 


22049. 81 
22056. 86 
22066. 79 

22071. 74 

22072. 54 


a 2H4^-t> 4 DIh 
a 2 Pi^— w 2 D!h 
6 *T>2x-t *FIh 


4? 







1.20 


1.22 


(L 21) 


20, V 

5 

200, III 

6 

5 


4524. 127 
4523. 727 
4523. 409 
4522. 545 
4520. 836 


22097. 54 
22099. 48 
22101. 04 
22105. 26 
22113. 62 


a*F2H-z 4 Pfo 
a <F4*-z eps^ 
a*Fi«-z*Ffo 

a<P2«-:r 4 I>iH 


6 







0.409 


(0. 402) 


0.416 


2 
5 

3c 
2c 

7 


4519. 02 
4516. 914 
4513. 44 
4512. 65 
4512. 130 


22122. 51 
22132. 82 
22149. 86 
22153. 74 
22156. 29 


o2Poh-w 4 Dih 
a 2H4H-w 2 G4%*t 
183 5 K-**GS* 
6 2H4^-w 2 G§h 
a 2Gix-x *G§h 






Oh 


1.29A 






30c, V 

15, V 
1 
10 
50, III 


4511. 084 

4508. 409 
4507. 24 
4503. 416 
4503. 040 


22161. 42 

22174. 58 
22180. 32 
22199. 16 
22201. 01 


(bmsx-tiQlx 
\b 4 F2H-0 4 G§h 
b*F&x-v*Glx 
a*'ELiyi-w i Gl}4 
b «F4X-» 2 Hfo 
a 4 PiH~l/ 4 % 


4 

4 

4 


0.744 


w 


0.372 


l.lOd* 
0.939 

1.339 


(1.04) 
(1. 120) 

1.711 


1.06 
1.080 

2.455 


2c 

20, V 
5 
10 

4 


4500. 50 
4499. 805 
4497. 25 
4494. 545 
4491. 041 


22213. 54 
22216. 97 
22229. 59 
22242. 97 
22260. 34 


a*H3>*-w 4 FtM 
a mix-w 2 G§h 
a mzH-x 4 G 2 °m 
a<P2^-z 4 SiH 


76, 5? 







0.94 


(0. 93) 


0.92 


2 

2 

M 

4 

8 


4490. 35 
4489. 33 
4484. 80 
4482. 877 
4481. 445 


22263. 75 
22268. 81 
22291. 30 
22300. 87 
22307. 99 


a 2 ~D2X—w 4 G!h 
a2DiH-t> 4 Ff* 
6*Poh-m 4 Doh 
a<G2H-w*G3H 
a 2 D2x—w 4 D2h 


6 


0.11 


0.27- 


1.27m> 


1.21 


1.33 


4 
3c 
3 
4c 

4 


4480. 362 
4478. 118 
4477. 585 
4476. 498 
4475. 95 


22313. 39 
22324. 57 
22327. 22 
22332. 64 
22335. 38 


a mix- z mix 

a6D3H-z 4 G3H 
a <G»M-y 2 H*h 
a miH-z mi* 
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Table 
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Intensity 
Arc 


A air A 


Wave 
No. 
vac. 
cm-i 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
P 


Strong- 
est 
n 


01 


02 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


6 

2 

40c, IV 
50c, V 
40c, IV 


4475. 278 
4472. 874 
4472. 536 
4471. 292 
4469. 714 


22338. 73 
22350. 74 
22352. 43 
22358. 05 
22366. 54 


b <F4H-2/ 2 H!* 
a*F3H-z 4 F4>* 
a ZQiy-x 2 F§h 
&<Fi«-fl<G2tf 


5 
4 
5 


0.228 




w 
w 
0.114 


1.03 

1.56- 
0.76 


(1.24) 
(1. 10) 
(0. 402) 


1.31 
1.20 
0.630 


10 
1 
I 
7 


4469. 322 

4468. 54 
4466. 421 
4466. 198 
4465. 926 


22368. 50 

22372. 42 
22383. 03 
22384. 15 
22385. 51 


Ja 4 Pi^-z 4 Dfo 
\a2Di H -»4F2H 
a*S2x-v*T>lx 
a <Fi^-z 2D!h 

a 2D2K-* 2 DiJi 














4 

20, IV 

1 

20c, V 
15c, V , 


4465. 232 

4464. 151 

4461. 49 
4460. 423 
4460. 203 


22388. 99 

22394. 41 

22407. 77 
22413. 13 
22414. 23 


a*F3H-2 6 P2H 

(a <F4x-3/ 6 F4« 
la m<x-y 2HI H 
b 4 F2^— u 2 F2M 
a 2F3H-W 2 D2^ 


6 

5 


0.09 


0.39 



1.35± 
1.09 


1.31 

(1.13) 


1.40 
1.16 


2 

15, V 
50, IV? 
30, IV 

4c 


4459. 671 
4458.117 
4457. 424 
4456. 800 
4456. 331 


22416.91 
22424. 72 
22428. 21 
22431. 35 
22433. 71 


a 2 D2H-tf 2 FSh 
a 2F2H-W 2 D?j< 
a 4 F2H~z 4 F3H 
a 4 FiH— z 4 F§h 
b zQix-q 2F§h 


5 
5 


0.718 



0.363 


1.776 


(1.029) 
(0. 402) 


1.242 
1.120 


3c 
6 
2 
100, IV 
4 


4454. 68 
4448. 769 
4448. 06 
4447. 184 
4446. 232 


22442. 02 

22471. 84 
22475. 42 

22479. 85 
22484. 66 


a<D 2 K-z 4 G3H 
a 2G4>*-:r 2 G3K 

a *P2M-Z/ 4 P2« 
a 4 Pih-I/ 4 P1« 


76,6 







1.597 


1.596 


1.598 


12, V 

15c 

1 
2 
2 


4446. 181 

4445. 843 

4444. 26 
4443. 80 
4443. 302 


22484. 92 

22486. 63 

22494. 64 
22496. 97 
22499. 49 


&<F4H-l><G5X 

fa 6D4^-z 4 Gfo 
\6<F2k-w 2 F§h 
a 2Dih-w; 2F2x 
a 2Po^-z 2D!h 
a 4 Pi*-z 2 F2>i 














1 

10c, V 
3c 
5 

le 


4443. 05 
4441. 802 
4441. 61 
4440. 435 

4439. 38 


22500. 77 
22507. 09 
22508. 06 
22514. 02 

22519. 37 


a 4 Po^-|/ 4 Po« 
a iBz^-x *Glyi 
b 2Q3H-* 2 G$x 
b *Yz H -y 2Hfo 
(b *Fix-y 2S5* 
\&2G4K-« 4 G5h 














7c 
100c, V 
5 
3 
3 


4437. 918 
4437. 218 
4436. 712 

4435. 919 
4434. 997 


22526. 79 
22530. 34 
22532. 91 
22536. 94 
22541. 62 


b msx-v mi* 

a 2F3K-P 2 Q3H 

a 4 FiK-z*P2H 









1.04 






1 

3c 
2c 
1 

20c, V 


4433. 895 
4433. 496 
4432. 912 
4430. 029 
4429. 446 


22547. 22 
22549. 25 
22552. 23 
22566. 90 
22569. 87 


&4D 3 m-* 4 F4* 
b miH-u 2 G4H 
a 4 G3H~z 4 ?2H 
a 4P2H-Z 2 F§h 


4 


0.48 


0.23 




1.60 


1.12 


2 

1 
20, V 
6c 
2 


4428. 576 
4427. 866 
4426. 690 
4423. 868 
4421. 305 


22574. 30 
22577. 92 
22583. 92 
22598. 33 
22611. 43 


a 2 Di^— ttMFltf 
a 4 F 2 h-2/ 6 Fi« 
a 4 P2H _ z 4 £>i4 
b m^-t 2 G§h 
a 2 F 2 ^-w 4 Di>i 


6 


0.117 


0.293 


1. 726* 


(1. 596) 


1.479 


30c, V 
10, V 
10, V 
40, IV 
4 


4420. 637 
4420. 455 
4419. 839 
4419. 448 
4418. 166 


22614. 84 

22615. 78 
22618. 91 
22620. 93 
22627. 49 


a6D2H-z 4 PiH 
a *Fzx-y 6 F§h 
a 4 F 3 H-z 2 I>2H 
a 4 PiH-z 2 PiH 


6 


0.26 


0.39 


1.59 


1.72 


1.46 


6 
2 

8c 
2 
5 


4416. 406 
4415.080 

4414. 879 

4413.000 
4412. 184 


22636. 51 

22643. 31 

22644. 34 

22653. 98 
22658. 17 


a 4 G2^— tf 4 Gi>H 
a 2F2H-0 2 G3* 
Ja 4 D2>i-z 2 F§h 
\a2G4H-» 4 F§H 
a 2 H 5 H-« 4 Gfo 
a 2 G 3 K-:r 4 G§h 
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Table 


4.- — First spectrum of columbium (Cb i) — Continued 


Intensity- 
Arc 


... 


Wave 
No. 
vac. 
cm-i 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
V 


Strong- 
est 
n 


<7i 


Qi 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


15, V 


4411. 526 


22661. 55 


a 2 D2H-» 2 F3* 


5 







1.11 


(1.21) 


1.16 


2 


4410. 882 


22664. 86 
















60, IV 


4410. 214 


22668. 29 


a<Po^-J 4 DoH 


6 


2.42 


1.21 


1.42 


2.63 


0.21 


10c 


4406. 546 


22687. 16 


a<P2^-j/ 6 P2^ 














1 


4404. 74 


22696. 46 


a<F2H-z fl Pi« 














2 


4403. 925 


22700. 66 


<z2Dih-u 4 F2h 














7c 


4402. 056 


22710. 30 
















10 


4400. 832 


22716. 62 


a*G2x-v*Gfa 














10c 


4400. 368 


22719. 01 


6 2 3 H-« 2 G<K 














10 


4397. 036 


22736. 23 


amtx-zmix 


5 




w 


1.34- 


(0. 93) 


1.00 


1 


4395. 61 


22743. 60 


6 <DiH-a; 2 P5* 














3 


4394. 229 


22750. 75 


a 4 F3H-z 6 P:ta 














30, V 


4392. 692 


22758. 71 


a 2 G4^— w 2 Fzx 


5 







1.14 


(1. 10) 


1.08 


4c 


4391. 59 


22764. 42 


a*D 2 H-» 4 F2K 














7 


4391.214 


22766. 37 


a 2 D2H— w 4 D3H 












2 


4389. 496 


22775. 28 


a 2 Fz>*— w 4 D§h 














30, V 


4388. 357 


22781. 19 


a*P lH -x*D\ H 


6 


0.283 


0.427 


1.590 


1.731 


1.448 


15 


4387. 743 


22784. 38 


a 4 PoH-!/ 4 Pi>* 


4 


1.012 


0.506 


1.162 


2.680 


1.668 


4 


4386. 302 


22791. 87 
















15c 


4384. 870 


22799. 31 


a*G4x-v*Glx 














1 


4383. 70 


22805. 39 


6 4 F2^-» 2 DSh 














9c 


4382. 856 


22809. 79 


fa *F2*-j/ 6 F2K 
\a 2 Dm-w4DiK 














7 


4382. 496 


22811.66 


&4Fi*J-W2F2H 














10c 


4381. 114 


22818. 86 


(a^Yz^-vKVm 
\a 2 F3j4-w*D§H 














4c 


4380. 664 


22821. 20 


a*G 4 ^-w 2 F§H 














12 


4379. 525 


22827. 13 


a 2 G4H-z 4 H* 














30c, V 


4377. 958 


22835. 30 


a*G2^— p 4 G3H 


5 


0.264 


0.135 


1.659 


0.734 


0.998 


5 


4377. 823 


22836. 01 
















4 


4376. 707 


22841. 83 


a 2 HsH-y 2 H5H 














6 


4375. 246 


22849. 46 


(a 2 J)2x-w 2 Di>^ 
\a*Gm-x 4 Pfo 














12c 


4374. 789 


22851. 84 


a 6 Da^— z<F!h 














15 


4370. 361 


22875. 00 


a 4 F4V*-2/ 6 Ffo 














8 


4369. 618 


22878. 88 


a6D 3 ^-z 4 F2H 














50, IV? 


4368. 434 


22885. 09 


a iGix-x »GI« 


Qur 




0.079 


1.096 


1.105 


1.087 


9 


4361.656 


22920. 65 


a 4 Po>*-z 2 Pfo 


4 


1.198 


0.599 


0.856 


2.653 


1.455 


5c 


4360. 504 


22926. 71 


6 2 G 3 v*-tf 2 H?^ 














40c, V 


4359. 865 


22930. 07 


a 4 D 2 H-0 4 F3>* 


76,4 







1.330 


(1. 360) 


1.347 


7 


4356. 847 


22945. 95 


6 4 F 3 ^-w 2 D^ 


4 







1.05 


(1. 12) 


1.18 


5c 


4355. 245 


22954. 39 


jaiDzx-u 4 F§>i 














4 


4354. 784 


22956. 82 
















6 


4354. 188 


22959. 96 


a 4 H4H-z 2 l5H 














3 


4354. 006 


22960. 92 


a 2 Poh-w 2 DiH 














20 


4353. 266 


22964. 83 


a<T>4H-z 4 F3* 


5 


0.310 






(1. 549) 


1.239 


2c 


4352. 243 


22970. 22 


a 4 D2^— w K ¥hi 














40, IV? 


4351. 573 


22973. 76 


a *Gzx~x 2 Gfo 


6 







0.896 


(0. 885) 


0.906 


9 


4350. 302 


22980. 47 


Ja 2 G 3 tf-0 4 F§h 
\a 4 PiH-y 6 Pfo 


4 


0.163 


0.082 


- 


(0. 885) 


1.048 


30, V 


4349. 026 


22987. 21 


/a 4 G4H-y 2 H§H 
Wmx-w 2 G|^ 


4 


0.115 


0.062 


0.650 


1.283 


1.168 


40c, V 


4348. 652 


22989. 19 


a«D3H-z 4 P2i* 


bur 




Ow 


1.862 


(1. 582) 


1.470 


8c 


4347. 312 


22996. 28 


a 2 F 3 ^-< 2 F^ 














10 


4346. 120 


23002. 58 


a 4 DiH-» 4 FiH 














6c 


4345. 518 


23005. 77 


o 2 H 5 H-* 4 Gfo 














20d 


4345. 315 


23006. 84 


a«DoH-z 4 Pi>^ 


4 


1.719 


0.860 


0.748 


3.327 


1.608 


25, V 


4342. 818 


23020. 07 


a 4 G3^-» 4 G4'^ 


76,4 







1.067 


(1. 081) 


1.076 


7 


4342. 460 


23021. 97 


a 4 Fi^-y 8 F?k 














6 


4338. 698 


23041. 93 


a 4 G3^-w 2 Flx 
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Intensity 


X air A 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 


Strong- 






Arc 


vac. 
cm-i 


nation 


type 


tion 


est 
P 


est 
n 


0i 


03 


1 


2 


3 


4 


5 


6 


7 


7 


8 


10 


12c 


4337. 561 


23047. 97 


a ilhyt—w 4 D!h 


5 




w 


1. 60A 


(1. 42) 


1.35 


6 


4336. 548 


23053. 36 


a*GiK-zm>i 














2ft 


4334. 23 


23065. 68 


b*Fz^-v 2 Gl H 














5 


4332. 428 


23075. 28 
















1 


4332. 17 


23076. 65 


a 2 H4^-w 2 F§^ 














60, V 


4331. 371 


23080. 91 


a <Po^-:r 4 Dfo 


4 


1.212 


0. 607 


0.831 


2.649 


1.437 


2 


4331. 252 


23081. 55 


a i G2y 3 —u 2 F2H 














20c, V 


4329. 732 


23089. 65 


a<>DiK 3 -z<Ffo 














4c 


4329. 47 


23091. 04 


b 2 Q3^-4002H 














30c, V 


4328. 428 


23096. 61 


a 4 D2H — u 4 FI^ 


6 


0.323 


0.797 


-- 


(1. 360) 


1.033 


25c, V 


4327. 385 


23102. 17 


a<Di^— p 4 FIh 


4 


0. 150 


0.076 


0.820 


1.195 


1.045 


9 


4326. 540 


23106. 68 


fa 2 F2>*-* 2 FiM; 
\a 2 G3>*— w 2 FIm 














100c, V 


4326. 320 


23107.86 


a*T>zyi— tMFfo 


4 


0.202 


0.102 


0.495 


1.419 


1.217 


8 


4:523. 466 


23123.11 


a 2 G^-w 'Fl* 


4 







1.058 


1.094 


(1.115) 


1 


4322. 148 


23130. 16 


b *F i}i -x m\ H 














3c 


4321. 88 


23131.60 
















6 


4320. 800 


23137. 38 


o 4 F 2 k-m 2 Di* 


5 







0.868 


(0. 852) 


0.831 


1 


4319. 52 


23144. 23 


a*PiH-z 2 PoH 














3 


4319. 147 


23146. 23 


a 2 Q3H~ v 4 F§h 














10 


4318. 010 


23152. 33 


a 2 D2^— w 2 D2v* 


76,0 







1.207 


(1. 206) 


1.208 


12c 


4316. 476 


23160. 55 


fa <G 2 H-w 2 F 3 8 >* 
{bmzx-s *Ghi 














1 


4315. 144 


23167. 70 


a*H 5 ^-z 2 Hfo 














3 


4314. 262 


23172. 44 


a 2 G^— w <G;ta 














10c 


4313. 887 


23174. 45 


b m^-v 2 Hs^ 














25, V 


4312. 454 


23182. 15 


a 6 D2.^— z 4 F^ 


6 


0.596 


1.483 


1.351 


1.649 


1.053 


4 


4312. 121 


23183.95 


a 2 ~Dix-x 2 Dfo 














15 


4311. 695 


23186. 23 


a 4 F2*-z 2 DI H 














20, V 


4311. 37 


23187. 98 


b*Fix-vmb A 


6 




w 


1.077 


(1. 224) 


0. 930? 


50c 


4311. 27 


23188. 52 


b*Fix-u*T>3x 














4 


4310. 826 


23190. 91 


a 4 EU>$— w 2 Gfo 














20, V 


4309. 564 


23197. 70 


6 4 F 3 ^-w *T>2x 


4 


0.197 


0.100 


0.628 


1.120 


1.317 


20c 


4308. 692 


23202. 40 


a *T>iy 3 -u 4 Fi^ 


6 


0.405 


0.608 


0.991 


1.194 


0. 789 


15c 


4308. 117 


23205. 49 


a i TJ2y a — w 4 Di}^ 


5 




0.092 


1.36* 


(1. 360) 


1.176 


2c 


4307. 233 


23210. 25 


a 4 PoH _ z 4 Sfo 














15 


4306. 283 


23215. 38 


a 2 Di^-» m* 


4 


0.122 


0.061 


0.645 


0.950 


0.828 


4c 


4304. 659 


23224. 13 
















9c 


4303. 875 


23228. 36 


a^D\y^—w 2 F\y a 














3 


4302. 435 


23236. 14 


b ^\yi-u 2 D°h 














4 


4301. 204 


23242. 79 


a 2 H4H~J/ 2 Hsh 














100, V 


4300. 989 


23243. 95 


(a*P iy3 -x *Dlx 
\c6DoH-z 4 FiH 


4 


0.357 


0.178 


0.347 


1.598 


1.241 


100, V 


4299. 596 


23251. 48 


a *¥iy a -z <D2H 


4 


0. 245 


0.122 


1.106 


1.719 


1.474 


6 


4297. 920 


23260. 55 


(a *Gzy a -w 2 F§>* 
WGiy 2 -8*Glx 














20c, V 


4296. 159 


23270. 08 








0.06 


0.98 






15, V 


4295. 620 


23273. 00 


a 4 G4^-tf 4 G5H 


4 




Ow 


0.86 


(1. 23) 


1.16 


1 


4295. 253 


23274. 99 


a mix-w 2 G°h 














1 


4294. 33 


23279. 99 


a 4 Poh'-2/ 6 Pi>4 














40c, V 


4292. 480 


23290. 03 


a i T>2H—w i F°3 A 


4 


0.162 


0.081 


0.83 


1.361 


1.199 


20c, V 


4292. 035 


23292. 44 


a6D 2 H-z 4 P2H 














1 


4291. 344 


23296. 19 


b i D2X — W *P2H 














25, V 


4291. 195 


23297.00 


a *Doh-0 4 Fi« 


5 






1.19 


(0. 06) 


0.81 


4 


4289. 85 


23304. 31 
















30, V 


4289. 443 


23306. 52 


a 4 P2H~z 4 H3^ 


4 


0.716 


0.359 


-0.901 


1.606 


0.890 


1 


4288. 429 


23312. 04 


a 4 H3H-w 2 GiH? 














6 


4288. 299 


23312. 73 


a 2 G-ix—u 4 F2H 














1 


4288. 12 


23313. 71 


a 4 H«^— z 2 H°h 














60, IV 


4286. 987 


23319. 87 


aOD 3 H-z 4 F^ 


6 


0.342 


1.197 


1.414 


1.584 


1.243 


15, V 


4286. 216 


23324. 06 


I& 4 F2W-w 4 Dik 
U 4 D 1M -^ 4 P^ 


4 


0.344 


0.174 


0.335 


0.851 


1.195 


2 


4285. 842 


23326. 10 


a 2 Pi^-a: 4 Pfo 














1 


4285. 31 


23328. 99 


a 2 G3H~ z 4 IS^ 














1A 


4284. 683 


23332. 41 


6 *Pax-r m* 
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Intensity 


XairA 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 
est 
V 


Strong- 
est 
n 






Arc 


vac. 

cm -1 


nation 


type 


tion 


Q\ 


(72 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


lh 


4284. 14 


23335. 36 


b 2G4H-S 4 GsH 














1 


4283. 906 


23336. 64 


a 2 ?m-v *G°2x 














3 


4283. 055 


23341. 27 
















3 


4282. 968 


23341. 75 
















2 


4281. 120 


23351. 82 


b i~Fsx-u*T>lx 














30, V 


4280. 586 


23354. 74 


a «Pim-H 6 P2^ 


5 







1.805 


(1. 721) 


1.755 


1 


4280. 38 


23355. 86 


b *F2x~v 2 Gl H 














8 


4279. 707 


23359. 54 


a*G3K-y 2 Klx 


4 


0. 131 


0.061 




(1. 081) 


0.950 


5 


4279. 53 


23360. 50 


a tFw-y <FIh 














20 


4279. 49 


23360. 72 


WQzh-v 2 T>2X 


5 


1.148 


0.574 


1.770 


1.196 


0.048 


20, V 


4277. 500 


23371. 59 


fa6DiH-z 2 DiH 

Wmx-zmtx 


6 


0.967 


1.452 


1.384 


1.868 


0.901 


20 


4274. 692 


23386. 94 


a iQsx-x 2G!h 


5 


0.203 


0.091 


1.794 


0.881 


1.084 


5 


4273. 357 


23394. 25 


(am iH -ymix 
\a 4 P2M-2/ 4 G2H 














8 


4272. 972 


23396. 35 


a *B.m—w 2 G§h 














4c 


4272. 027 


23401. 53 


a 4 D3H~ 9 2 F§h 














50c, V 


4270. 691 


23408. 85 


a 4 D 2 ji-« 4 F§h 


4 


0.244 


0.122 


0.508 


1.358 


1.114 


15, V 


4268. 667 


23419. 95 


a6DiM-z 4 F2K 


4 


0.806 


0.405 


0.140 


1.876 


1.070 


50, IV 


4266. 020 


23434. 48 


a 4 DiH-«*F2« 


4 


0.155 


0.078 


0.807 


1.195 


1.040 


4 


4264. 612 


23442. 22 


b <Doh-s 4 Ffo 














100, IV 


4262. 056 


23456. 28 


a6D 4 M-z 4 F2H 


6 


0.216 


0.977 


1. 444 


1.552 


1.336 


20c, V 


4261. 717 


23458. 14 


a*Dm— w 4 G3^ 














5 


4260. 661 


23463. 95 


a *Fih-J 2 F§^ 














12c 


4258. 917 


23473. 56 


a 2 Gix—w 4 G|« 


6 




0.50 


I.I610 


1.10 


1.21 


1 


4258. 120 


23477. 96 


6 4 F3H-y 4 H§« 














5 


4257. 853 


23479. 43 


a 2 ~D2y-v*I>lx 


4 







1.187 


1.205 


(1. 230) 


4 


4256. 303 


23487. 98 


b i F2x—u i D2X 














20c 


4255. 943 


23489. 97 
















60c, V 


4255. 439 


23492. 75 


a 4 H 3 H-z 2 Hfo 


5 


0.134 


0.063 




(0. 690) 


0.824 


30, V 


4254. 693 


23496. 87 


a 4 DoH-w 4 FiHi 


5 


0.714 


0.357 


L156 


0.085 


0.799 


50c, V 


4253. 695 


23502. 38 


a 4 D2H— w^Dfe 


6 




0.14* 


1.345 


(1. 360) 


1.330 


80c, V 


4252. 977 


23506. 35 


a 4 D3H~ w 4 ~DbA 


6 




0.31* 


1.385 


(1. 420) 


1.351 


20, IV 


4249. 457 


23525. 82 


a*D m -z 2 Dlx 


4 


2.430 


1.214 


-0.317 


3.328 


0.898 


3 


4248. 961 


23528. 56 


a 2 B.ii4-v i Glyi 














8 


4248. 658 


23530. 24 


a6DiH-z 4 P2>* 














4c 


4247. 689 


23535. 61 


6 2 G4M-s 2 Glx 














20, V 


4246. 293 


23543. 35 


a 4 Di^— w*T>lx 


76,6 







1.196 


(1. 197) 


1.195 


1 


4245. 15 


23549. 69 


a 2P 1H -z 4 Pfo 














20c, V 


4242. 637 


23563. 63 


183sm-s 2 GIh 






0.26 


1.06 






12 


4241. 453 


23570. 21 


a 2G4M-0 2 Fsh 


4 




Qw 


0.89 


(1. 10) 


1.16 


4 


4241.077 


23572. 30 


a 2 Diy t -v*T>0H 














12c 


4237. 814 


23590. 45 


a 4 H 6 >«-z 2 Hfo 


6 


0.12 


0.65 


1.07 


1.13 


1.01 


4c 


4236. 998 


23595. 00 


a 2 Gix—w i Flx 














25, IV 


4231. 954 


23623. 14 


a 6 D2H— z 4 F§^ 


4 


0.413 


0.208 


0.211 


1.657 


1.244 


1 


4231. 624 


23624. 96 


a 2 G-ax-u 4 F§^ 














20, V 


4230. 320 


23632. 24 


& 4 Fih-w 4 Do^ 


5 


0.375 


0.188 


0.584 


0.396 


0.021 


25, V 


4229. 832 


23634. 97 


(HF^-y^Fix 


76,6 







1.333 


(1. 332) 


1.334 


lh 


4229. 570 


23636. 43 


b 2G3H-S 4 G3H 














100c, V 


4229. 154 


23638. 76 


a i ~Dzx—u i Flx 


4 


0.172 


0.086 




1.420 


1.248 


8c 


4228. 726 


23641. 15 


b miX-Q 2 Fsh 














8 


4227. 514 


23647. 93 


a *Dih— W 2 Di>s 


6 


0.104 


0.156 


— 


(0. 953) 


1.057 


8c 


4226. 528 


23653. 44 


b 2 mx~t 4 Gsh 














12d 


4226. 218 


23655. 18 


a 4 Doh— w 4 P ) oh 


6 






0.080 


0.114 


(0. 046) 


1 


4225. 85 


23657. 24 


a 4 P2^-2/ 2 T>ix 














5c 


4224. 690 


23663. 73 











0.91 






9 


4222. 676 


23675.02 


a 2 GiX—w i F>3X 














150c, IV 


4217. 946 


23701. 57 


a6D3H-2/ 6 F2tf 


5 


0.279 


0.140 


2.284 


1.586 


1.307 


100c, V 


4214. 732 


23719. 64 


rt°D4H-2/6F§H 


5 


0.176 






(1. 549) 


1.373 


10c 


4213. 463 


23726. 79 


b 2H4^-s 4 G^ 














10c 


4213. 256 


23727. 95 


& 4 Fih-w 4 Di* 














15, V 


4212. 535 


23732. 01 


amiy-v*Gix 


5 







0.777 


(0. 690) 


0.620 
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Intensity 


A air A 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 
est 
P 


Strong- 
est 
n 






Arc 


vac. 
cm -1 


nation 


type 


tion 


0i 


92 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


12, V 


4212. 042 


23734. 79 


«Fsk-V mix 


4 


0.141 


0.068 


0.486 


1.121 


0.980 


30, V 


4208. 156 


23756. 71 


a<>DiH-z 2 So* 


4 


0.268 


0.134 


1.721 


1.855 


2.123 


10 


4206. 127 


23768. 17 


&<F*H-!r*HlH 














120, IV 


4205. 308 


23772. 80 


{amw-x mix 


5 


0.596 


0.300 


2.548 


1.654 


1.058 


10 


4204. 322 


23778. 37 


a 2G 3 >i-0 4 Ffo 














1 


4203. 825 


23781. 18 


b *T>2K-s *Flx 














1 


4203. 732 


23781. 71 


a tPiH-u 2F3h 














7 


4203. 415 


23783. 50 


a 2 Fsh— iUGSx 


6 




0.045 


0.853 


0.862 


0.844 


6 


4202. 013 


23791. 44 


a *Gzm— u 2 D2x 














40, V 


4201. 519 


23794. 24 


a<H4H-z 2 H!x 


5 




Ow 


1.132 


(0. 984) 


1.011 


7 


4200. 993 


23797. 21 


a ^m-y Wm 














6 


4199. 189 


23807. 44 


a J G4^-w *Flx 














2 


4198. 90 


23809. 08 


&«Dih-*«F!h 














10 


4198. 847 


23809. 38 


a iRix-v *Q 9 iH 


4 







0.946 


(0. 984) 


1.006 


1 


4198. 672 


23810. 37 


(a*P2x-y 2 T>°2\i 
\b*F2X-w i Pbi 














30, IV 


4198. 510 


23811. 29 


a 6 D3}*-z 4 Ffo 


4 


0.249 


0.125 


0.465 


1.586 


1. 337 


10c, V 


4198. 370 


23812. 08 
















7c 


4197.615 


23816. 36 


b 2Q3H-? 2 F5h 














9c 


419G. 948 


23820. 15 


a*H6K-l/ 2 HSK 














15, V 


4195. 660 


23827. 46 


a 2 G3>*-t> 2 F2,4 


5 




Ow 


1.026 


0.872 


(0. 831) 


4 


4195. 515 


23828. 28 


a 2 F3H-u 4 GsH 














80, IV? 


4195. 096 


23830. 66 


fa*F)ix-y 6 Fox 
WHsk-p 2 GS* 


5 


2.465 


1.233 


3.097 


1.864 


-0. 601 


10c 


4193. 828 


23837. 87 


Ja 4 DoH-w 4 Ditf 

\&2G4H-<7 4 F4X 














1 


4193. 42 


23840. 19 


a 4 Dij*— w*F>2x 














100c, IV 


4192. 065 


23847. 90 


a fl D3>*-z "PS* 


4 


0.292 


0.146 


0.853 


1.584 


1.876 


150c, IV 


4190. 889 


23854. 59 


a6D 4 K-z6p§ H 


4 


0.155 


0.076 




1.550 


1.705 


20c, V 


4190. 655 


23855. 92 


a i T>2X-v 2 F§h 














12 


4189. 997 


23859. 66 


b *Qix-s 2 GS« 














3c 


4189. 59 


23861.98 
















3c 


4189. 250 


23863. 92 


b 4 P 2 tf-W 4 P2K? 














3c 


4188. 098 


23870. 48 
















15, V 


4186. 104 


23881. 85 


a 2 F 2 *-< 4 F2* 


6 


0.094 


0.241 


0.914 


0.865 


0.961 


3 


4185. 66 


23884. 39 


4 F 3 *-s *F°m 














50c, IV 


4184. 440 


23891. 35 


a c D2>*-z mix 


4 


0.730 


0.366 


0.559 


1.654 


2.383 


2 


4183. 910 


23894. 38 
















6 


4181.784 


23906. 52 


a 4 F 3 ^-y mix 














15 


4181.341 


23909. 06 


a 4 H 5 tf-y 4 G4* 


5 




w 


1.39 


1.13 


(1.07) 


2 


4181.048 


23910. 73 


a«Do*-z 2 S5* 














4 


4179. 826 


23917. 72 


a 4 Di^-j2DI^ 














12 


4179. 763 


23918. 08 


a iQix-x mix 


4 


0.116 


0.056 


0.621 


1.261 


1.145 


lc 


4177. 554 


23930. 73 


a 4 H3«— v 4 G§4 














4 


4177. 435 


23931.41 


a 2 D2«— v 4 Dfo 














Ih 


4176. 78 


23935. 17 


6 2 G 3 ^-r<F^ 














1 


4176. 166 


23938. 68 


a 2F2*-u <G§* 














5 


4174. 894 


23945.98 


a 2 H4*-v 2 G3>i 


76 







0.924 


0.925 


(0. 925) 


15 


4174. 342 


23949. 14 


a 4 Dik-0 2 F5h 


4 


0.372 


0.182 


0.276 


1.206 


0.834 


3 


4174. 047 


23950. 83 


a 2 Di^-^2D2^ 














12c 


4173. 955 


23951.35 


b tQvA-p 2 F^ 














lc 


4172. 34 


23960.64 


a i T>2H—w i D°3X 














3c 


4170. 909 


23968. 86 


b 4 Pih-* mix 














30c, V 


4169.565 


23976. 58 


a iQix-u *T) ? ix 


4 


0.148 




0.703 


1.220 


1.368 


250c, IV 


4168. 122 


23984.88 


a^Dox-yWox 


6 


3.930 


l.~965 


1.365 


3.330 


-0.600 


3c 


4167. 44 


23988. 81 
















6 


4166. 045 


23996. 84 


b *Fix-s mix 














20 


4165. 850 


23997. 96 


a i G2x-u i D°ix 














4c 


4165. 330 


24000.96 
















300, III 


4164.661 


24004. 81 


a *T>2X-y 6 F2H 


6 


0.349 


0.879 


1.479 


1.654 


1.305 


250, III 


4163. 658 


24010.60 


a «Di^-y »F|j4j 


6 


0.802 


1.203 


1.462 


1.863 


1.061 


40, V 


4163. 474 


24011.66 


a *F3x-y *F°3x 


6 






1.261 


(1. 235) 


1.287 


12c 


4162. 817 


24015. 45 


a m 2 H-y mix 















644098—45- 
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Intensity 


X air A 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 
est 
V 


Strong- 
est 
n 






Arc 


vac. 
cm - * 


nation 


type 


tion 


0i 


02 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


3c 


4161.884 


24020. 83 
















20c 


4161. 252 


24024. 48 


a 2 F 3 *-* 4 F§h 


6 




0.081 


1.162 


1.150 


1.173 


8 


4160. 806 


24027. 05 


a *¥iy-y 6D3^ 














1 


4159. 49 


24034. 66 


b 2 G 3 ji-s 4D§h 














20, V 


4158. 007 


24043. 23 


a 4 G3^— u 4 D5h 


4 


0.235 


0.118 


0.494 


1.081 


1.316 


5c 


4155. 36 


24058. 54 
















6 


4154. 826 


24061. 64 


a Wm-y 4 G^ 














500, III 


4152. 575 


24074. 68 


a 6 D3^— y 8 F§^ 


6 


0.214 


0.680 


1.480 


1.586 


1.372 


20c, V 


4152. 040 


24077. 78 


0.6D3^-2 2 D2^ 


5 


0.285 


__ 


_. 


(1. 582) 


1.297 


100, V 


4150. 124 


24088. 90 








-- 


0.97 






4 


4149. 721 


24091. 24 


fa 4 F 4 H-z 2 G§H 














15 


4148. 735 


24096. 96 


ja 2 Gzy 2 -w 4 F4H 
\a 4 Hs^-2/ 2 Hs^ 


5 







1.06* 






6 


4148. 321 


24099. 37 


a 2 Gm~w 4 Gly 1 














25c, IV? 


4147. 184 


24105. 97 


a 4 HeH— v 4 Gly % 


5 




h 


1.571 


1.223 


(1. 160) 


1 


4146. 598 


24109. 38 


a 2 F 3 M-z 4 H§^ 














10 


4146. 000 


24112. 86 


a 4 H4^— » 4 G1h 


6 




0.352 




(0. 984) 


1.062 


3c 


4145. 155 


24117. 77 
















5c 


4143. 931 


24124. 90 
















4c 


4143. 58 


24126. 94 


a 2 Poh-2/ 2 FiH 














80c, IV 


4143. 201 


24129. 15 


a6Di^-z6PiH 


6 


0.519 


0.779 


2.123 


1.863 


2.382 


9 


4142. 243 


24134. 73 


a *B.ix-u 2 F§h 














4 


4141. 32 


24140. 11 
















400c, IV 


4139. 702 


24149. 54 


a*T)m— y 6 Tlx 


6 


0.139 


0.681 


1.506 


1.576 


1.437 


90c, IV 


4139. 430 


24151. 13 


a 6 D 2 H-2 6 F2M 


6 


0.221 


0.552 


__ 


(1.652) 


1. 873 


6 


4139. 088 


24153. 12 


6 4 D 2 ^-s 4 F^ 














10c 


4138. 300 


24157. 72 


b 2 G4H~r 2 G4°h 














12c 


4137. 590 


24161. 87 


a i G2}i—u i T>2y J 














200, III 


4137. 090 


24164. 79 


a »Dom-0 8 F!h 


4 


2.197 


1.135 


0.073 


3.368 


1.171 


4 


4135. 57 


24173. 67 


a mm-x *HSh 














10 


4135. 423 


24174. 53 


b *F 2 x-s 2 F^ 


6 







0.846 


(0. 852) 


0.840 


6 


4134. 985 


24177.09 


a 4 H 3 ^-w 2 F 2 ^ 














30, IV 


4134. 592 


24179. 39 


a 2 Pi^-fl 2 P>2>4 


4 







1.144 


1.171 


(1. 160) 


1 


4134. 33 


24180. 92 
















Sft 


4133. 40 


24186. 36 
















3c 


4132. 175 


24193. 53 
















2 


4131. 74 


24196. 08 


a 4 P2H~ z 4 F§^ 














3 


4131. 60 


24196. 90 


a 4 G 3 M-fl *QlH 














6 


4131. 53 


24197. 31 


a 4 G3H-w 4 r>3^ 














150c, V 


4129. 931 


24206. 67 








__ 


1.08 






100c, V 


4129. 430 


24209. 61 


a*Dzy-z&Tm 


6 


0.131 


0.476 


1.635 


1.570 


1.701 


4 


4129. 000 


24212. 13 


a 4 Do^-:r 2 Di^ 














2 


4128. 654 


24214. 16 


a 2 H 5 H-2/ 4 H4K 














1 


4127.69 


24219. 82 


a 2 F 2 h-z 4 H§h 














12c 


4127. 458 


24221. 18 


b 2 G3^-411§^ 


6 




0.06 


__ 


(0. 90) 


0.88 


8c 


4126. 903 


24224. 44 











1.12 






12 


4125. 573 


24232. 24 


a 4 F3M— y 6 T>2yi 














20c, V 


4125. 243 


24234. 18 


a 4 H3^-r 4 G^ 














400, III 


4123. 812 


24242. 59 


a«Di^-2/ 6 F2H 


4 


0.558 


0.282 


0.468 


1.863 


1.305 


15, V 


4122. 804 


24248. 52 


a*H;>y-yWiy 3 


5 


0.174 


__ 


._ 


1.129 


(0. 955) 


3c 


4121. 060 


24258. 78 
















2 


4117. 824 


24277. 85 


a 2 Di>^— viDiyj 














50, III 


4116. 895 


24283. 32 


a6DoM-z 6 PiH 


4 


0.943 


0.473 


1.910 


3.325 


2.382 


5 


4116. 401 


24286. 24 


a 4 F 3 m-2/ 4 Ffo 














2 


4116. 274 


24286. 99 


b 4 F 2 y 2 -s 2 FS^ 














6 


4114. 155 


24299. 50 


a 2 F 3 >i-r 2 F2H 














25, V 


4113.941 


24300. 76 


aWiy-ymfa 


5 


0.132 


0.066 


1.717 


0.990 


1.122 


6 


4113.348 


24304. 26 


b *Fzy 2 -t 4 F 2 ^ 














1 


4112. 49 


24309. 33 


a 2 Gzy-u^l^ 














20c, V 


4112. 130 


24311.46 


& 2 H4M-411fo 


5 




0.09 


1.02 


0.82? 


(0. 76) 


2 


4110. 12 


24323. 35 


a*G3^-2/ 4 H3H 
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Intensity 


XairA 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 
est 
V 


Strong- 
est 
n 


9i 




Arc 


vac. 
cm -1 


nation 


type 


tion 


Q2 


1 


2 


3 


4 


5 


6 


7 


7 


8 


10 


4 


4109. 88 


24324. 77 


a 4 Pi>*-2/ 2 Dfo 














3 


4108. 71 


34331. 70 
















1ft 


4107. 67 


24337. 86 


b *D3>*-s <F§k 














3c 


4107. 05 


24341. 53 
















6 


4106. 778 


24343. 14 


a 4 F2j4-y 4 Ffo 














12 


4106. 173 


24346. 73 


a i T>2yi— w 2 Dva 


4 


0.149 


0.382 


1.287 


1.362 


1.213 


1 


4105. 47 


24350. 90 


a*¥zx-xiWvA 














1 


4.104. 71 


24355. 41 


b 4 D 3 ^-J tQh* 














3 


4103. 74 


24361. 17 


b^s^-uiGvA 














600c, III 


4100. 918 


24377. 93 


\&4F4H-**F§H 


4 


0.271 


0.139 


0.716 


1.665 


1.394 


80, IV 


4100. 389 


24381. 07 


a 6 T>2yi-z 2 D^ 


6 


0.370 






(1. 652) 


1.282 


3 


4100.30 


24381. 60 


a 4 Di,4— w 2 Df^ 














1 


4100. 11 


24382. 73 


a^Hsv*— *HG54 














30, IV 


4099. 067 


24388. 93 


a6Dij«-z 6 P2,4 


5 







1.884 


(1.863) 


1.871 


5ft 


4098. 87 


24390. 11 
















10 


4098. 220 


24393. 88 


b <F4M~* 4 F.^ 


5 




w 


1.404 


(1. 224) 


1.173 


10c 


4097. 63 


24397. 49 


bm^-q WW 














5ft 


4096. 314 


24405. 33 
















7 


4095. 553 


24409. 86 


a 2 F2«-r 2 Ffo 


6 




__ 


0.864 


0.848 


(0. 880) 


8ft 


4095. 082 


24412. 67 
















1 


4094. 31 


24417. 27 


a i T>2x-v i G2H 














6 


4094. 095 


24418. 55 


6*D 2H -* 4 G§ H t 








1.18 






6 


4093. 926 


24419. 56 


fb*F2H-t*F°m 
\bm<M-s *Glx 














6ft 


4092. 536 


24427. 86 
















3 


4091. 07 


24433. 03 


a 2 DiH-o<D2^ 














3c 


4090. 60 


24439. 42 
















20, III 


4090. 163 


24442. 03 


a*Q2x-y i B°m 


4 




Oft 


0.580 


(0. 742) 


0.696 


2 


4088. 443 


24452. 31 


a*E.ix-ymiy 2 














6 


4087. 048 


24460. 66 


a *F2x-t 2 D\x 


4 







0.810 


(0. 860) 


0.893 


9 


4086. 630 


24463. 16 


a 2 Di^-2/2P5 >i 


5 


0.509 


0.254 


1.212 


0.957 


0.448 


4 


4084. 951 


24473. 21 


a 2 H5v*-|/<H5H 














40, IV 


4084. 861 


24473. 75 


a 4 F 2 H-2/ 4 F2.4 


6 




0.115 


1.070 


1.047 


1.093 


10, V 


4084. 177 


24477. 85 


a 4 PiH-!/ 2 D2H 


4 


0.371 


0.189 


0.792 


1.719 


1.348 


5 


4083. 776 


24480. 25 


a i F2y J -y 6 D\\i 














1000c, III 


4079. 720 


24504. 56 


aOBsx-ySFlx 


4 


0.158 


0.079 


0.865 


1.576 


1.418 


7c 


4078. 60 


24511.32 


fa^GsH— w 4 G?h 
\<z2p 1H _ W 2 D j H 














6 


4078. 345 


24512. 85 


a 6 D2>*— z 6 P3^ 














4 


4077. 405 


24518. 50 
















15c 


4077. 09 


24520. 40 


6 4 DoH-r 4 Fi>^ 


5 







0.67 


(0. 04) 


0.46 


8 


4076. 09 


24526. 42 


a 4 F4H-z 2 G4H 














6 


4073. 641 


24541. 16 


& 4 F 3 m-w 4 GIh 














6 


4073. 513 


24541. 93 


&4DiH-r 4 Ffo 














2 


4072. 13 


24550. 27 


a 2 F2H-* 4 DIh 














3d 


4071. 54 


24553. 82 


b 4 Poh-£ 2 Pom 














20, V 


4070. 965 


24557. 29 


6 4 F 3 ^-* 4 F^ 


6 




0.192 


1. 136 


1.108 


1.163 


6c 


4070. 040 


24562. 87 
















40c, V 


4068. 258 


24573. 63 


amsx-ymtx 


5 


0.267 


0.134 




(0. 690) 


0.957 


15, V 


4067. 159 


24580. 27 


a 4 G3H-|/ 4 H|^ 


4 


0.097 


0. 050 


0."621 


1.059 


0.962 


12 


4066. 120 


24586. 55 


a 4 H4^-fl 4 GSu 


5 


0. 176 


0. 088 




(0. 984) 


1. 160 


10 


4064. 802 


24594. 52 


b *F 2 x-t 4 F2^ 


6 


0.108 


0.271 


-- 


0.854 


0.962 


2 


4062. 21 


24610. 22 


a 2 Pih— w 2 D2^ 














10 


4061. 542 


24614. 26 


a 4 F 4 h-2/ f>F>\y 2 














4 


4001. 427 


24614. 96 


J£> 4 F 4 h-w 4 G5h 
\a 2 H4M-1/ 4 H! H 














9 


4061. 255 


24616.00 


a 2 D2H-» 4 G§^ 














40c, IV? 


4060. 800 


24618. 76 


a6DiH-z 2 D2M 














4 


4060. 37 


24621. 37 


a 4 G4H~« 2 F3H 














10 


4060. 32 


24621. 67 


a^js-zOD-JH 














5 


4059. 85 


24624. 52 


a 4 Po«-?/ 2 DiH 














40, V 


4059. 498 


24626. 66 


a 2 Po>i-tf 2 Di>« 


5 


0.296 


0. 148 


1.090 


0.646 


0.942 


2000c, III 


4058. 933 


24630. 08 


fa 6D 4 H-y 6 F!h 
\a2D 2 >*-2; 4 Pfo 


4 


0.113 


0.055 


0.942 


1.563 


1.450 
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Intensity 
Arc 


X a ir A 


Wave 
No. 
vac. 
cm-i 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
V 


Strong- 
est 
n 


0i 


02 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


6c 

8 

4c 
2 
8c 


4057. 267 

4056. 941 

4055. 854 
4055. 426 
4055. 186 


24640. 20 

24642. 18 

24648. 78 
24651. 38 
24652. 84 


/6*Fjh— «*DSm 

b *F2x—u *Gfo 
b 2Q 3 >*-s 2 G$x 


6 


0.062 


0.186 


0.928 


0.897 


0.959 


6 

6c 
25, V 

6 
20, IV? 


4053. 161 
4052. 132 
4051. 513 
4051. 001 
4049. 759 


24665. 16 
24671. 42 
24675. 19 
24678. 31 
24685. 88 


a 'Fan-* 2 E>2H 
a *T>3H-v 4 D§h 
a 2 G4H— 2 2 Hx 
a*Fzx—y oDIh 
b *F4*-f <F2* 


4 
6 


0.163 


0.082 
0.060 


0.208 
1.254 


1.103 
1.246 


0.940 
1.262 


3 
3 
ih 

12, V 
1 


4048. 95 
4048. 01 
4046. 27 
4044. 712 
4044. 58 


24690.81 
24696. 54 
24707. 16 
24716. 68 
24717. 49 


6 »G3K-416 2 °>* 

a 2F 3 H-r 2 F§h 
b 2 H5H-r 2 QIh 


6 




0.076 


1.133 


1.120 


1.146 


25, V 

10c 

10 

1 

3 


4044. 103 
4043. 169 
4042. 572 
4041. 39 
4040. 618 


24720. 40 
24726. 11 
24729. 76 
24737. 00 
24741. 72 


b *Fah-x mix 
b *~D3H-s *F\x 
a*Q3y A —s 2 FIh 
a *Fia—y 6 Do>* 
a 2 Poh-* 4 F'ih 


6 
5 


0.237 
0.229 


1.076 
0.114 


2.225 


1.231 
(1.081) 


0.994 
0.852 


8 
60c, V 


4040. 468 
4039. 530 


24742. 64 
24748. 39 


fa *F 3 k-z 2 Ct3H 
\b *T)2H-r *F°2x 
a iGhx—u 4 Gfo 


6 




w 


1.256 


(1. 260) 


1.252 


15, V 

8ft 
4k 


4039. 094 

4038. 172 
4037. 356 


24751.06 

24756. 71 

24761. 72 


fa mtx-x 2 Hfo 
\aiV2x-ymx 

a 4 Pitf — z «S2tf 


5 


0.12 


0.062 


-■ 


(1.22) 


1.10 


12 
10 

eh 

i 

40, V 


4035. 923 
4035. 095 
4034. 527 
4034. 178 
4033. 195 


24770. 51 
24775. 59 
24779. 08 
24781. 22 
24787. 26 


b *DiH-r *Fw 
a 2 Fj>*-* *T>2H 

a *Pom-z Wva 
a *Fix—y *F!h 


6 
6 


0.215 
0.075 


0.540 
0.102 


0.967 
0.429 


0.860 
0.392 


1.075 
0.467 


150, IV 
lOh 
6 
4d 


4032. 524 
4030. 348 
4029. 223 
4028. 865 


24791. 39 

24804. 77 
24811.69 
24813. 90 


a WiX-V *Vlx 


4 


0.092 


0.046 


1.002 


(1. 330) 


1.422 


15c, V 
12, V 

4 

5c 

4 


4027. 972 
4027. 311 
4026. 71 
4026. 41 
4025. 88 


24819. 40 
24823. 47 
24827. 18 
24829. 03 
24832. 30 


a *Gsx-t *Flx 
biFxx-tmx 
a 2 F 2 x-r 2 F§h 
a<D2H _ » 4 D2^ 
6 4 F 3 *-r 2F!^ 


76 
6 


0.118 



0.183 


1.261 
0.466 


(1. 260) 
0.408 


1.259 
0.526 


2 
2 
8 

12, V 
9c 


4024. 26 
4023. 41 
4023. 275 
4023. 141 
4022. 387 


24842. 29 
24847. 54 
24848. 38 
24849. 20 
24853. 86 


a iQzx-s 2 F!h 
6 <F 2 h-< 4 F§* 
a*G 2 H-s 2 F2* 
6 *F3x-i *F\x 
a <G5H-£ 4 Hfo 


6 
5 


0.134 


0.227 
0.058 


0.792 
1.733 


(0. 742) 
1.143 


0.843 
1.277 


4 
6 
2 
2 
15, V 


4021. 016 
4020. 233 
4019. 13 
4017. 793 
4017. 558 


24862. 33 
24867. 18 
24874. 00 
24882. 28 
24883. 73 


a 2 D2H— u 2 FIh 

a m iV2 -y mix 

a*~D2x-x*S\x 
b *Fw-x 4 HIh 


4 


0.114 


0.057 


0.593 


1.105 


0.991 


lOh 
3 
6c 
3 
4 


4016. 070 
4015. 748 
4014. 922 
4014. 646 
4013. 942 


24892. 95 
24894. 95 
24900. 07 
24901. 78 
24906. 15 


b*T>2x-rmx 
b*Fix-u*G°2x 

a 2 Gix~ w 2 Glx 


5 


0.435 


0.218 


- 


(0. 402) 


0.837 


20, V 
4c 
6 

20, V 

1 


4013. 268 
4013. 101 
4012. 056 
4009. 707 
4009. 533 


24910. 33 
24911. 37 
24917. 86 
24932. 45 
24933. 54 


b 2 Gzx~P 2 ?2X 

a 4 FiH— y 4 F2H 
6 4 F 2 h-z 4 H§^ 
a 2 F3K— w 2 Ulx 


5 
4 


0.145 



0.074 


0.906 
0.335 


(0. 88) 
0.843 


0.86 
0.698 
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Intensity 
Arc 


X air A 


Wave 
No. 
vac. 
cm -1 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
V 


Strong- 
est 
n 


Si 


02 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


30, V 
4d 

4 
2 
4/1 


4008. 286 
4006. 05 
4005. 915 
4005. 13 
4002. 25 


24941. 29 
24955. 22 
24956. 06 
24960. 95 
24978. 91 


a 2 D2^— u 2 Flx 
b 2Q 3 ^-g 4 F$h 

a<G2K-* 2 F3H 


4 


0.101 


0.050 


0.865 


1.218 


1.117 


15c, V 
1 

1 
40, V 

7 


4001. 135 
4000. 446 
3999. 868 
3999. 182 
3998. 447 


24985. 87 
24990. 17 
24993. 78 
24998. 07 
25002. 67 


a 4 Q 4 ^-w 4 G3H 

a 2 Pok-:t *S!h 
b*Fix-x*mx 
6 <D 2 }*-g 2 Flx 


4 


0.127 


0.061 


0.517 


1.216 


1.089 


4 

2d 
4/i 
4 

1 


3998. 23 
3997. 780 
3997. 377 
3997. 157 
3996. 95 


25004. 02 
25006. 83 
25009. 36 
25010. 74 

25012. 03 


b *D 2 ^-5 *T>2X 
6 2 G 3 ^-(? 4 Fsh 














3 
6 
1 
4 
40c, V 


3995. 588 
3994. 420 
3993. 36 
3992. 165 
3991. 677 


25020. 55 
25027. 87 
25034. 52 
25042. 01 
25045. 07 


a 2 Hs^-w 4 G4H 
a*H 5 ^-x 2 H5H 

a 2 F 2 H-z 2 Pi« 




0.19 


0.10 








1 
6 

20c 
4c 
6c 


3990. 926 
3990. 665 
3988. 158 

3986. 17 

3985. 18 


25049. 78 
25051. 42 
25067. 17 
25079. 67 
25085. 90 


a*Fix-y 2 Q°2X 
a iQzx—u 4 G2H 
b m^-s^Qlyi 
6 4 D 3 ^-r 4 F§^ 
a Win-* 2 GiX 






OA 


1.188 


(1.04) 


1.34? 


4 

6 

10c 

60c, IV 
10, V 


3985. 074 
3984. 810 
3982. 055 
3980. 483 
3979. 370 


25086. 57 
25088. 23 
25105. 59 
25115.50 
25122. 53 


a.*Gix-z mix 
b~*T>2x—s 'Glx 
b*Fix-V 2 Ux 
a iDtx-V 4 F§h 
6 4 F 2 *i-r 2 F 2 h 


4 

5 
6 


0.269 
0.304 


0.137 
0.151 

w 


2.~614 
0.864 


(1. 224) 
1.552 
(0. 854) 


0.955 
1.248 
0.874 


4 

12, V 
20c, V 
15c, V 
6/» 


3978. 909 
3978. 753 
3977. 940 
3976. 677 
3975. 20 


25125. 44 
25126. 42 
25131. 56 
25139. 54 
25148. 88 


a 4 H3tf-i> 2 Gfo 
a 4 F2>s-z *Dix 
a *G & x-x 4 H5H 
b*D3x-t*Olx 














2d 
20c 

40c, V 
15, V 
20, V 


3973. 87 
3973. 624 
3972. 512 
3971.932 
3971. 852 


25157. 30 
25158. 85 
25165. 89 
25169. 57 
25170. 08 


a 4 D3H~ v A Glx 
b m<x-P 'Fix 
a*G*x-u*Qlx 
a 4 F^-a:«D4^ 
a 4 G2>*—u 4 G2x 






w 


1.51 






1 

12, V 
4A 
5c 
7c 


3971. 35 
3970. 650 
3970. 10 
3968. 465 
3968. 32 


25173. 26 
25177. 70 
25181.18 
25191.55 
25192.48 


6 4 Fj^-* 2 Di H 
a 4 Fjx-z 2 G4* 

b 4 Djh-« 4 D 2 °h 


4 


0.163 


0.085 


- 


(1. 235) 


1.072 


1 

1 
150, V 
25, V 
40, IV 


3967. 61 
3967. 441 
3966. 246 
3966. 094 
3965. 692 


25196. 99 
25198. 06 
25205. 65 
25206. 61 
25209. 17 


a *T>ix~y 2 Poh 
b *Fzx-t 2 T>2X 
a *~F3x-y 4 ^2M 
a *Qix~u 4 Gfo 
a Wix-V 4 Sih 


4 
4 


0.365 


0.182 


1.016 
1.049 


(1. 235) 
1.596 


1.322 
1.961 


7 
3 
3A 

4 
10c, V 


3964. 665 
3963. 60 
3963. 22 
3962. 154 
3960. 994 


25215. 71 
25222. 48 
25224. 90 
25231. 68 
25239.07 


a »DiH-f 4 G3h 

a 4 H4>*-£ mix 
a 4 Gs^-y 2 Ux 














4 
4 
2 

15c, V 
3 


3960. 636 
3959. 978 
3959. 54 
3959. 356 
3959. 144 


25241. 35 
25245. 55 
25248. 34 
25249. 51 
25250. 86 


a tmx-u *Glx 
a *Ftx-y 6 D3M 
6 *Fix~t *V°qx 
b <F t x-r *Flx 


6 







1.116 


(1. 120) 


1.112 


7c 

1 
1 
7 
3c 


3958. 129 
3957. 724 
3957. 25 
3956. 83 
3956. 626 


25257. 34 
25259. 93 
25262. 95 
25265. 63 
25266.94 


a 4 H3tf-^ 4 Dfo 
a J Dj^-» 2 Dfo 
b^Fix-t^xx 
a *Fix~y *E>lx 
a^tx-xmix 
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Intensity 


X air A 


Wave 

No. 


Term combi- 


Zeeman 


Separa- 


Strong- 
est 
V 


Strong- 
est 
n 






Arc 


vac. 
cm -1 


nation 


type 


tion 


Qi 


02 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


3c 


3956. 40 


25268. 38 


a*G2x-t 4 F^ 














20, V 


3955. 680 


25272. 98 




6 


0.330 


1.152 


1.40 


(1. 235) 


1.565 


1 


3955. 38 


25274. 89 


b 2G 3 ^-r 2 G^ 














10 


3953. 071 


25289. 66 


aiJIm-v^O'm 


6 


0.065 


0.241 


1.054 


1.021 


1. 086? 


4 


3953.015 


25290. 02 


a 4 H4H— u*Dly 3 














4 


3950. 966 


25303. 13 


b i¥ax-w miy 2 














9 


3949. 927 


25309. 79 


a4F 2 H-z 2 G3H 


4 







1.002c 


(1. 029) 


1.017 


1 


3949. 81 


25310. 53 


b *?2y 3 -r 4 F 2 ^ 














8 


3949. 326 


25313. 64 


a 2 Di^-tf 2 Dih 


76,6 




Oh 


0.957 


(0. 953) 


0.961 


4/i 


3947. 922 


25322. 64 
















20, V 


3947. 516 


25325. 24 


a 4 Cx2^— w 4 G§k 


5 


0.305 


0.155 


1.823 


0.755 


1.060 


1 


3946. 98 


25328. 67 


a 2 Hs^— 1 4 F4!^ 














2 


3944. 90 


25342. 04 


a 2 Qva~v 4 D§h 














4ft 


3944. 417 


25345. 14 
















60, IV 


3943. 663 


25349. 99 


a lYtx-V 4 DiH 


4 


0.266 


0.131 


0.626 


1.025 


1.291 


4 


3941.611 


25363.18 


amsK-xmiv, 














40c, V 


3941. 266 


25365. 41 


a*T>zx-y 4 F<2^ 


5 


0.503 


0.251 


2.850 


1.592 


1.089 


2 


3940. 790 


25368. 45 


a 2 DiH-2/ 2 SoMS 














3c 


3939. 26 


25378. 32 


6 2 G 4 ^-P 4 D^ 














20, V 


3937. 961 


25386. 69 


a 4 G3^— u*Gly 2 














150, IV 


3937. 437 


25390. 07 


a*T>vA~V *~FU 


6 


0.213 


0.965 


1.440 


1.546 


1.333 


10, V 


3936. 442 


25396. 47 


a *Foy— x 6 T)hA 














20c, V 


3935. 441 


25402. 95 


ia 4 G4v$— u *Gly 2 














2 


3934. 64 


25408. 12 


a^Qz^-w 2 GIh 














20, V 


3934. 405 


25409. 64 


a 4 Fi^-z *D$i 


4 


2.038 


1.022 


-0. 614 


0.405 


2.443 


12c, V 


3934. 142 


25411. 33 


/C 4 H3^-M 4 D3H 

\6 4 F 3 ^-* 4 Dk 














8 


3933. 392 


25416. 18 


a 4 H4^-# 4 H§H 














6 


3933. 013 


25418. 63 


a^xy-ymvj 









1.00 






1 


3932. 59 


25421. 36 


a 2 B.iy 2 —u i Qly i 














3h 


3931. 933 


25425. 61 
















8 


3931.460 


25428. 67 


a 2 Div$-.T 4 Pi^ 


6 


0.632 


0.958 


1.265 


0.949 


1.581 


1 


3930. 09 


25437. 53 


a 2 H 4 ^-* 4 F.lu; 














30c, IV 


3929. 296 


25442. 67 


a 4 F 3 ^-?/ 4 D^ 


6 


0.186 


0.648 


1.328 


1.235 


1.421 


2 


3928. 265 


25449. 35 


a lYi^-t 4 D§^ 














9 
1 


3926. 618 
3926. 203 


25460. 03 
25462. 72 


a 4 F 3 h-2762k 
6 4 P 2 ^-r 4 F§^ 


4 


0.132 


0.067 


0.94* 


(1. 235) 


1.367 


2 


3925. 622 


25466. 49 


b*Fzy 2 -wm°4y 2 














3 


3925. 53 


25467. 08 


a 2 Fzi4-u 2 Ghi 














4c 


3925. 18 


25469. 35 


am 5 y 3 -y *H!j* 














40c, V 


3924. 995 


25470. 55 


a6D 3 H-2/ 4 F§,4 


6 


0.336 


1.172 


1.415 


1.583 


1.247 


12c 


3924. 474 


25473. 93 


a 4 G 4 ^-* 4 FI>s 


6 




Oh 


1.250 


(1. 23) 


1.27 


4 


3923. 80 


25478. 31 
















12, V 


3922. 353 


25487. 71 


a 4 G3^— rr 4 H3^ 


6 


0.374 


1.317 


0.896 


1.082 


0.708 


4 


3922. 280 


25488. 18 


b*F2x-t 2 T>°2x 














6 


3921. 671 


25492. 14 


a 2 G3^-w 2 Gzx 


6 







0.856 


(0. 885) 


0.827 


100c, IV 


3920. 198 


25501. 72 


a 4 G5^— z 4 Hita 


4 






0.880 


(1. 26) 


1.20 


15c, V 


3919.163 


25508. 45 


a 4 G4^-2: 4 H 4 ^ 














10, V 


3919. 005 


25509. 48 


a 2 G4^-z 2 HsH 














4 


3917.014 


25522. 45 


a 2 H4^-z 4 H3n: 














Id 


3916. 40 


25526. 45 


b 4 Fi^-r 2 F!^ 














150, IV 


3914. 692 


25537. 59 


a 4 H3H-2/ 4 H§K 


6 




Oh 


0.688 


(0. 690) 


0.686 


4 


3914. 362 


25539. 74 


& 4 F 2 ^-r 2 F§^ 














8c 


3913. 15 


25547. 65 


at-Dix-ytPly, 














15 


3913.011 


25548. 56 


a 2 Pih-« 2 F^ 


4 


0.332 


(0. 166) 


0.344 


1.175 


0.843 


4 


3910. 156 


25567. 21 
















4 


3909. 665 


25570. 42 


(a*Fix-x«F>h A 
XbWty-qtFly, 














15 


3909. 600 


25570. 85 


a 4 G 5 >*-2/ 2 l6>s 














3 


3909.215 


25573. 37 
















40, IV 


3908. 971 


25574. 96 


a 4 Fi^-2/ 4 DoH 


4 


0.759 


0.372 


0.000 


0.380 


1.139 


8 


3908. 592 


25577. 44 


a 2 F2>*-w 2 G3H 
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Intensity 
Arc 


Xair A 


Wave 
No. 
vac. 
cm -1 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
P 


Strong- 
est 
n 


Qi 


Q2 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


12, V 

\h 

2 
30c, V 

4c 


3906. 900 
3906. 35 
3904. 83 
3904. 188 
3902. 829 


25588. 52 
35592. 12 
25602. 08 
25606. 29 
25615. 21 


a2D 2 >*-w 2 Di^ 

a*G2H-z 4 H3H 
6 *T>2H~w 2 Pih 


4 
4 




10 

w 


0.566 
0.634 


(0. 885) 
(0. 742) 


0.814 
0.694 


3 

5 

15c, V 
4 
20, V 


3901. 88 
3900. 83 
3899. 24 
3898. 94 
3898. 563 


25621. 44 
25628. 34 
25638. 79 
25640. 76 
25643. 24 


&4Doh-w 2 Pih 

b *T>3 H -8 *Ql}i 
a 2 H 5 H-z i my, 

a 4F3K-Z 2 F°2X 














5 
2 
4 

20, V 
1 


3898. 01 
3896. 621 
3896. 00 
3895. 895 
3894. 99 


25646. 88 
25656. 02 
25660. 11 
25660. 80 
25666. 76 


b 4P 2H -s *GIh 

a*T>v A -ui¥bA 
b *Fik-* 4 Dfo 


4 


0.094 


0.047 


0.727 


0.962 


0.868 


10 

Id 

50, IV 
40, IV 

6 


3894. 70 
3894. 33 
3894. 039 
3893. 733 
3893. 325 


25668. 67 
25671.11 
25673. 03 
25675. 05 
25677. 74 


a 6 D 2 x-y *F2H 
6 <D 3 H-s 'Dfo 
aWvA-yWhi 
a6D2H-2/ 6 l>!>4 
a *GvA~r *F2k 


6 

4 


0.164 


Oh 

0.080 


0.977 
1.413 


(0. 984) 
1. 660 


0.970 
1.824 


4 
4 
5 

60, IV 
6 


3892. 87 
3892. 76 
3892. 33 
3891. 302 
3890. 756 


25680. 74 
25681. 46 
25684. 30 
25691.09 
25694. 69 


a2DiH-z<SW 
a *G2x-t 4 F4>* 


4 




w 


1.519 


(1. 582) 


1.632 


6 
8c 
1 
2 
1 


3889. 800 
3889. 64 
3889. 440 
3888. 68 
3888. 49 


25701. 01 
25702. 06 
25703. 39 
25708. 41 
25709. 67 


a Wsx-y 2 GhA 

a 2 Pm-u 2 B]^ 
b^Yix-tiDlx 
a iD 2 x-v 2 Dih 














3 
6A 

20, V 
100, IV 
150c, IV 


3888. 29 
3886. 664 
3886. 074 
3885. 686 
3885. 453 


25710. 99 
25721. 74 
25725. 65 

25728. 22 

25729. 76 


a 6 Di>$— y 6D8h 
a illix—y *H<s^ 


4 
6 
6 




0.718 

0/1 
Oh 


1.184 

1.13 

1.225 


(1. 863) 
(1.12) 
(1.22) 


3.220 

1.15 

1.23 


3 

80, V? 
6 
8 
2 


3884. 519 
3883. 141 
3882. 894 
3882. 660 
3880. 543 


25735. 95 
25745. 08 
25746. 72 
25748. 27 
25762. 31 




4 


0.244 


0.123 


0.480 


1.580 


1.335 


7 

20, V 
40, V? 

1 
60c, V 


3879. 644 
3878. 965 
3878.817 
3878. 082 
3877. 557 


25768. 29 
25772. 79 
25773. 78 
25778. 66 
25782. 15 


a i F2X~y 4 F>2H 
a 6 D2x~y 4 F;ta 
a 2 D2H~u i T>iy 3 
a 6 I>4y a -y 6 D§^ 


4 
5 


0.404 
0.292 


0.191 
0.150 


0.231 


1.645 
(1. 549) 


1.241 
1.257 


20c, V 
4 
20, V 

5 

lOd 


3876. 964 
3876. 810 
3875. 77 

3875. 697 

3875. 421 


25786. 10 
25787. 12 
25794. 04 

25794. 52 

25796. 36 


a 4 G4H-z 4 H!h 

(a iRzx-y 4 H 4 °h 
\o 2 P8^-m 4 Doh 
a 4G 2 .^-r 2 F° 2 y 2 














1 
5 
5 

20c, V 
5 


3875. 10 
3873. 288 
3871. 76 
3871. 188 
3870. 665 


25798. 50 
25810. 57 
25820. 75 
25824. 57 
25828. 06 


6*Pfa-400 2K 

a 2D2H-P 2 &bA 

a 4 F 3 >*-2; 6 Dly 3 
a *D 2 ^-2| 4 Pi>* 
a 2 Giy 2 -vJGi}, :j 


4 

4 


0.291 
0.232 


0.114 


0.198 
1.026m; 


1.216 
1.363 


0.925 
1.595 


1 

Od 

8 

50c, V? 
X 


3869. 586 
3868. 829 

3868. 570 

3867.918 
3867. 393 


25835. 26 
25840. 32 

25842.05 

25846. 40 
25849. 91 


a *F2H-x 2G§>* 
fa *F2x-x 6 VSh 
\a*YiH-x*DhA 
fa 4 P2K-0 4 F2^ 

a«T>4x-z2GzA 
a iGix-u »FJ>$ 


5ms 


0.532 


0.267 


3.409 


1.549 


1.017 
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Intensity 


X air A 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 
est 
V 


Strong- 
est 
n 






Arc 


vac. 
cm-* 


nation 


type 


tion 


9i 


02 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


4 


3866. 24 


25857. 62 


6 4D3M-411 hi 














lOd 


3865. 041 


25865. 64 


a *FsH-tt 2GIh 














1 


3864. 698 


25867. 94 


b <Pik-s *G§* 














8 


3864. 364 


25870. 17 


a 2 Pi>i— u «G2k 














1 


3864. Ill 


25871. 87 


b*F3 H -t*D°m 














3c 


3863. 78 


25874. 08 


a *Gm-r 2F§* 














3c 


3863. 61 


25875. 22 


b *Ftx-w mix 














50, V? 


3863. 383 


25876. 74 


a iFix-y *SJ^ 


6 


0.239 


0.358 


1.839 


1.720 


1.959 


20c, V 


3862. 926 


25879. 80 


a 6 Do^— y 6 Doh 














2 


3861. 384 


25890. 14 


a 2PoH-w *D!h 














3c 


3861.081 


25892. 17 


b *Fih-* 2D3h 














12c 


3860. 860 


25893. 65 


a *Gix-y n\x 














1 


3860. 694 


25894. 76 


b <Fih-z 2 Pfo 














4c 


3859. 237 


25904. 54 
















40, V? 


3858. 953 


25906. 45 


a*T>\x~y { Flx 


4 


0.784 


0.392 


-0. 099 


1.861 


1.077 


1 


3858. 162 


25911. 76 


a *Fzx~t 2 Olx 














1 


3858. 00 


25912. 84 


a6DiK-2/ 6 Dfo 














6 


3856. 683 


25921. 70 
















15 


3855. 456 


25929. 94 


a<>DoK-y 4 FiH 


4 




_. 


0.948 


(3. 323) 


0.475 


12 


3855. 146 


25932. 03 


a*E.iK-y*mx 














9 


3854. 698 


25935. 04 


a*mx~s 2 Fix 














6 


3854. 127 


25938. 88 


a *Dih— x <Poh 














4c 


3853. 59 


25942. 50 


Ja 2 D2K-w 4 D2H 
\a4P2H-«<FlH? 














20 


3853. 388 


25943. 86 


a<H 3 H-5 2 FiH 


4 


0.156 


0.078 


0.299 


0.689 


0.845 


4 


3853. 096 


25945. 83 


a *E.bH—w 2 B.\x 














6c 


3849. 744 


25968. 41 


(a 2Pih-*<F5^ 














1 


3846. 00 


25993. 69 


b *D 2 >*-414fo 














40, V 


3845. 900 


25994. 37 


a 6 D2H— y 6 P>2H 


6 




0.080 


1.627 


1.643 


1.611 


4c 


3845. 307 


25998. 38 


(a*~DiH-x *T e 2x 
\b*PiH-r*F°2X 














2c 


3845. 079 


25999. 92 


\b *Fzh-u *Glx 














12 


3844. 090 


26006. 61 


a msx-y *FLlx 














10c 


3843. 927 


26007. 71 


a *FtH-v K F\x 


4 


0.248 


0.115 


__ 


(1. 596) 


1.348 


4 


3843. 615 


26009. 82 


a*Fjx~ y A F>zx 














4 


3843. 453 


26010. 92 


a msH-x <H§h 














20, V 


3842. 709 


26015. 96 


a 2 G^-y mix 


5 




0/1 


1.200 


(1. 103) 


1.133 


30 


3841.820 


26021. 97 


(a 2F2H-< 2 Gfo 
\&4Di*-414?h 


5 




Oh 


1.004 


(0. 860) 


0.924 


2 


3838. 072 


26047. 39 


a*Dix— v 2 T>ix 














4 


3837. 995 


26047. 91 


a 4 P2^— w*F2x 














12c 


3837. 077 


26054. 14 


b *Pix-s ^T)\x 


4 


0.191 


0.094 


0.884 


1.558 


1.367 


5c 


3836. 738 


26056. 44 


a 4 Hsh-« 2 F§h 














20, V 


3836. 452 


26058. 38 


a 2Dik-i> 2D!h 


5 


0.198 


0.098 


1.456 


0.952 


1.160 


3c 


3836. 260 


26059. 69 
















40, IV? 


3835. 176 


26067. 05 


a «Doh-2/ 6 DiH 


4 


1.508 


0.754 


1.061 


3.322 


1.815 


2 


3834. 575 


26071. 14 


b*FlX~ W*Flx 














6 


3833. 940 


26075. 46 
















2 


3833. 769 


26076. 62 


a 4 D2H-z*Sfo 














10c 


3833. 257 


26080. 10 


a 2 H5M-y 2 Ifo 


76,4? 







1.11 


(1. 10) 


1.10 


1 


3832. 134 


26087. 75 


b4D 2 H-g 4 Fi* 














6d 


3831. 198 


26094. 12 


6 *Do^-g *Ffo 














2 


3831. 074 


26094. 96 


o *G 3 K-r 2 F§h 














1 


3830. 820 


26096. 69 


a 2 D2«— w 4 DIh 














10 


3830. 006 


26102. 24 


a*DiH-2/ 2 S§H 


4 


0.880 


0.440 


0.761 


1.201 


2.081 


4 


3829. 659 


26104. 61 


/62G 3 H-P 4 P2H 
1&4D2H-S 2 Q§h 














4 


3828. 045 


26115. 61 


6 4Dih-? 4 FIh 














6 


3827. 090 


26122. 13 


a<P2H-^ 2 F§H 














12 


3827. 015 


26122. 64 


a 2 F 3 «-< 2 GI* 4 


0.104 


w 


0.648 


(1. 130) 


1.044 


3 


3826. 574 


26125. 65 


a 2 F 2 «-* 4 G2« 














5 


3825. 410 


26133. 60 


a 2 F>2x~ w A Slx 














100, IV 


3824. 882 


26137. 21 


a «D 3 h-2/ 6 P>3H 


6 


0.333 


1.171 


1.415 


1.581 


1.248 


3 


3823. 255 


26148. 33 


& *D 2 >*-416 lx 
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Intensity 
Arc 


X air A 


Wave 
No. 
vac. 
cm-* 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
V 


Strong- 
est 
n 


01 


02 


1 


2 


3 


4 


5 


6 


7 


7 


8 


10 


6 

4 

12c 
40, V 

6c 


3823. 135 
3822. 956 
3821. 201 
3819. 148 
3818. 190 


26149. 15 
26150. 38 
26162. 38 
26176. 45 
26183. 01 


amix-yWx 

a *Poh-V 4 Sfo 
b 4 P 3 >*-w 2 Pi« 


6 
4 


0.390 
0.692 


0.585 


1.393 
1.604 


1.198 
2.642 


1.588 
1.950 


3c 
15 
60c, IV? 

4 

5 


3816. 645 
3816. 342 
3815. 507 
3814. 188 
3813. 470 


26193. 62 
26195. 69 
26201. 43 
26210. 49 
26215. 42 


a*FjH-y 4 PiH 
a6D 3 H-z 2 G§« 
aiF 3H -ziF°2H 


4 
6 


0.624 
0.567 


0.314 
1.989 


0.090 
1.296 


1.026 
1.580 


1.650 
1.013 


5c 

50, III? 
3c 

80c, V 
2c 


3813. 01 
3811.035 
3810. 88 
3810. 50 
3807. 95 


26218. 59 
26232. 17 
26233. 24 
26235. 85 
26253. 43 


a «I)iyi-y 6 Dfo 
a 4 Doh-z 4 Pfo 

a*PiH— w^Fiyi 


4 
4? 


0.242 


0.125 
w 


1.248 
1.18 


1.852 
(1.22) 


1.610 
1.23 


1 

10 

20, V 
40, Cb II 
10c 


3807. 485 
3806. 631 
3806. 196 
3804. 733 
3804. 204 


26256. 63 
26262. 52 
26265. 52 
26275. 62 
26279. 27 


b <Pi*-s <D2H 
a 4 H3*-m *Qhi 
a *Hsk-u 4 Gfo 
b i J)2H~Q 4 Ffo 


4 
4 
4 


0.376 
0.147 


0.19? 
0.074 

w 


0.725 
0.324 
1.01 


1.665 
0.691 
(1.12) 


1.289 
0.838 
1.17 


100, IV? 

1 

400r, IV? 
6 
5 


3803. 879 
3803. 65 
3802. 928 
3802. 636 
3802. 555 


26281. 52 

26283. 10 
26288. 09 

26290. 11 
26290. 67 


a 6 D4«— z 2 G|^ 
a *Pix-w 4 Di>* 
a 6 D3H-z 6 P>2H 
biFtx-uiQlx 


6 
4 


0.477 


2.135 
w 


1.313 
1.514 


1.551 
(1. 582) 


1.074 
1.636 


4 

20, V 
20, V 

5 

5 


3802. 480 
3801. 302 
3800. 941 
3800. 197 
3799. 486 


26291. 19 
26299. 34 
26301. 84 
26306. 98 
26311. 91 


a 4 EU>«— u *Qva 

& 4 DiH-? 4 F2H 

a *Giyi-w mix 














300r, III 
15c 
12 

20c, V 
30ft, V 


3798. 127 
3796. 850 
3796. 599 
3796. 440 
3795. 543 


26321. 32 
26330. 17 
26331. 92 
26333. 02 
26339. 24 


a 8 D2>$— x 6D!^ 
a *Fzx-v 2 H^ 
a 4 F 2 v*-z 2 Pi^ 
b 4 Dsk-416 ix 














2 

15 
5c 
7c 

8 


3795. 182 
3794. 476 
3793. 727 
3791. 999 
3791. 446 


26341. 75 
26346. 65 
26351. 85 
26363. 86 
26367. 70 


a 4 Doh— v 2 Dfi* 
a mix-w 2 H5h 
a 2 G 3 ^-w *Ffo 
a *B.zx-t 4 F5h 
a *P2>*-w 4 F§h 


6 




0.049 


0.929 


0.923 


0.936 


300r, III 
200r, III 
20 

3c 

4 


3791. 209 
3790. 138 
3789. 502 
3788. 69 
3788. 188 


26369. 35 
26376. 80 
26381. 23 
26386. 88 
26390. 38 


a *Bix-y 6 D?>i 
a 6 D4^— x 6 D§h 
a 4 F 3 >*-z 2 F^ 

a 2 DiH-tt 2 Dfo 


6 

4 


0.120 


0.552 
Oh 




1.483 
1.517 

0.682 


1.543 

(1. 549) 


1.422 
1.567 


15 

8c 
150, IV? 
10, V 

6c 


3787. 480 
3787. 280 
3787. 064 
3786. 227 
3786. 10 


26395. 31 
26396. 70 
26398. 21 
26404. 05 
26404. 93 


a 4 F3H-^ 4 I>2^ 
a 4 D°H-2/ 2 So>* 
a 6 DiH— z 6 D(ta 
a 4 F4K-z 4 P>3H 


4 


0.577 


0.288 


1.572 


1.860 


2.437 


3 
1 

20c 

1 
5c 


3785. 384 
3784. 73 
3783. 844 
3782. 71 
3782. 40 


26409. 92 
26414. 49 
26420. 67 
26428. 59 
26430. 76 


a 4 Pi>*-fl 4 Fi>* 
a 4 Di^-z 4 Si>$ 
a 4 H33^— u*Q°3M 
a 4 G 2 H-z 2 Pfo 
a 4 D3^— u 2 D2>* 


6 


0.367 


1.285 


0.872 


1.055 


0.688 


80, III 
4 

1 
5 
15c 


3781. 017 
3779. 22 
3779. 03 
3778. 675 
3777. 670 


26440. 43 
26453. 00 
26454. 33 
26456. 82 
26463. 85 


a 6 D2H-2/ 6 F>va 

a*T)2y,—v 2 D°2x 
a 4 Do^-z 4 Pi^ 
b 4 D 3 >s-ff 4 F2^ 


ius 


0.403 


0.201 


0.235 


1.647 


1.243 


8 
7 
6c 

20, V 
2 


3777. 277 
3776. 605 
3776. 157 
3775. 449 
3775. 16 


26466. 61 
26471. 32 
26474. 46 
26479. 42 
26481. 45 


a 4 F4>$— z 4 H3>* 
a 4 Fi>*-2762* 
b 4 F4H-« 4 F3* 
a 4 EU^-w 4 G4H 
a 2 Dui-tt 4 Do* 


6 


0.204 


0.914 


1.088 


0.986 


1.190 
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Table 
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Intensity 


X air A 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 


Strong- 






Arc 


vac. 
cm -1 


nation 


type 


tion 


est 
V 


est 
n 


0i 


9* 


1 


2 


3 


4 


5 


6 


7 


7 


8 


10 


8 


3774. 44 


26486. 50 


a <P 2 H-«<F&t 






0.734 


0.404 






4 


3774. 39 


26486. 85 
















6 


3773. 628 


26492. 20 
















10 


3773. 154 


26495. 53 


a*~Bn!4-tmy 7 


4 


0.183 


0.095 


0.336 


0.975 


1.158 


3 


3772. 721 


26498. 57 


a *¥m— y 6 P2K 














40, V 


3771. 848 


26504. 70 


a6D 2 >*-z 2 G§H 


4 


0.637 


0.321 


-0. 569 


1.645 


1.009 


3 


3771. 78 


26505. 18 
















2 


3771. 14 


26509. 68 


a <PiH-*> 4 F2H 














20, V 


3770. 870 


26511.58 
















12c 


3770. 71 


26512. 70 


a 4 H5H-w 4 GSH 














4 


3770. 332 


26515. 36 
















15 


3769. 983 


26517. 81 


a 2H5H-W 2 H5H 


6 




0.040 


1.088 


1.092 


1.083 


4 


3769. 624 


26520. 34 


b *D 2 h-P 2 F§^ 














20, V 


3769. 145 


26523. 71 


a*Fm-x*T) ox 


5 


0.178 


0.088 


0.491 


0.402 


0.222 


5 


3767. 421 


26535. 85 


a i l > 2H—W 4 G§H 














30c, V 


3766. 140 


26544. 87 


a 6 D2H-2/ 4 E>iM 


5 


0.356 


0.179 


2.181 


1.647 


1.290 


6 


3765. 794 


26547. 31 


a 2Pim-< 2 ~D°H 














40c, V 


3765. 074 


26552. 39 


a °Doh— x 6 Doh 


6 


0.870 


0.435 


2.878 


3.313 


2.443 


4 


3764. 536 


26556. 18 


b *Fm-s my, 














25, V 


3764. 115 


26559. 15 


a6DiM-a;6D?^ 














4 


3763. 730 


26561. 87 


b 4 P2H-414?x 














40, III 


3763. 492 


26563. 55 


a 6 Dih-1/ 4 Do« 


5 


0.718 


0.360 


2.220 


1.861 


1.143 


10ft 


3762. 445 


26570. 94 
















10 


3761. 16 


26580. 02 


o 4 P2^— w*~D\x 














15 


3761. 11 


26580. 37 


a*H4H— z 4 H§h 














12 


3760. 646 


26583. 65 


aWix-t 4 FI^ 














200r, HI 


3759. 556 


26591. 36 


a 6 D2H— x 6 D2H 


6 




0.090 


1.630 


(1. 652) 


1.611 


2 


3757. 62 


26605. 06 


a 2F2J4-4002H 














4c 


3757. 02 


26609. 31 
















7 


3756. 251 


26614. 75 


6 4 Fi^-s *F?k 














4c 


3755. 940 


26616. 96 


a*B.3H-t <F§h 














20, V 


3755. 764 


26618. 20 


a *B.5}i—x *B.lx 


5 


0.138 


0.070 


1.738 


1.117 


0.979 


6c 


3755. 636 


26619. 11 


aWtx-xmix 














10 


3755. 289 


26621. 57 


C 4 F2H-2 4 SiH 














Id 


3754. 86 


26624. 61 


a*Gm— u 2 Glx 














3 


3754. 228 


26629. 09 


a*I)2x-smiA 














1 


3753. 47 


26634. 47 


b 2 G3j^-n 2 F§h 














40, IV 


3753. 171 


26636. 59 


a&-Dz H -z*Gl H 


4 


0.507 


0.255 


-0. 691 


1.592 


1.085 


9 


3752. 723 


26639. 77 


a 4 Fih-i/ <Pfo 














5 


3752. 297 


26642. 80 
















10 


3750. 637 


26654. 59 


a*FiH-z 2 F2K 














5 


3750. 517 


26655. 44 


6«PlH-ff*F!H? 














6 


3750. 223 


26657. 53 


a 4P2H-Z 2 D!k 














1 


3749. 415 


26663. 28 


a 4 Gix— w 2 Hfo 














1 


3749. 248 


26664. 46 


a*T>zx-y*~DhA 














20, V 


3748. 557 


26669. 38 


a 2 G 3 H-S/ 2 HIh 


5 




Oh 


1.194 


(0. 885) 


0.954 


1 


3748. 41 


26670. 42 


a iQix-v 2 D5h 














3 


3747. 841 


26674. 47 


a 2 F 3 h-s 4 G2h 














25, V 


3746. 904 


26681. 14 








w 


1.08 






6 


3745. 476 


26691. 32 


a iFtx-y 6 PiH 














4 


3744. 279 


26699. 85 


b *F4x-v mhA 














40c, IV 


3744. 007 


26701. 79 


a4H3H-z 4 H§H 


6 







0.695 


(0. 690) 


0.700 


200/-, III 


3742. 393 


26713. 31 


a oDoh-z 6 Dfo 














3 


3742. 09 


26715. 47 


a 4 PiH-w 4 F2^ 














2 


3741. 99 


26716. 18 


6 4Pjh-416Sx 














30c, IV 


3741. 776 


26717. 71 


a<>DoH-2/ 4 F>(ta 














1 


3741. 553 


26719. 30 


a 2 G 4 H-y 2 G3* 














40, III 


3740. 845 


26724. 36 


a 6 D 3 H-2/ 6 I>4>s 














8c 


3740. 537 


26726. 56 


a 4 H«h— V 2 l5* 














300r, III 


3739. 80 


26731. 83 


a 6 D3H— £ 6 D§h 


76,6 




Oft 


1.573 


(1. 582) 


1.564 


4 


3738. 51 


26741. 05 


a 2 Dix— w 4 D2>* 














30, V 
4h 


3738. 427 
3736. 32 


26741. 64 
26756. 72 


a>D2 H -s 2 Ffo 


4 




w 


0.948 


(1. 206) 


1.132 


6 


3734. 733 


26768. 09 


a 4 Pij4-m> <Doh 














15 


3733. 622 


26776.06 


a *Fix~ z 2 Pih 


6 


1.045 


1.578 


0.924 


0.401 


1.446 
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Intensity- 
Arc 


XairA 


Wave 
No. 

vac. 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
P 


Strong- 
est 
n 


01 


92 






cm- 1 














1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


15d 


3733. 344 


26778. 05 


mox-umiy a 






w 


1.25ft 






5c 


3732. 702 


26782. 66 


a «~Dix-y 4 DiH 














15 


3732. 034 


26787. 45 


a*mx-tmx 


6 


0.267 


1.195 


1.116 


0.983 


1.249 


8c 


3731. 534 


26791. 04 
















1 


3731. 377 


26792. 17 


a <Dih-*> 2 D2^ 














Id 


3729. 613 


26804. 84 
















20 


3727. 229 


26821. 98 


a 4 H4M,— x i Hh,4 


6 




w 


1.005 


(0. 984) 


1.026 


250, III 


3726. 235 


26829. 14 


a *Dm—x *Dlj$ 


4 


0.238 


0.120 


1.261 


1.857 


1.618 


4c 


3725. 648 


26833. 36 


a *QiM—v 2 H4^ 














20, V 


3725. 195 


26836. 63 


a 4 D3M — u^m 














4 


3724.96 


26838. 32 


b ^2H-t 4 GS^ 














4 


3724. 47 


26841.85 


a 4 Pih-^ 4 F2'^ 














3/1 


3723. 742 


26847. 10 


6 i P2H-Q «F& 














6 


3723. 10 


26851. 73 
















20c 


3722. 942 


26852. 87 
















15 


3722. 328 


20857. 30 


b Wix-v mu 














4 


3722. 170 


26858. 44 


b*Fih— ff 4 Pfo 














4 


3721.637 


26862. 28 


a*T>iH-t 2 D° 2 xi 














10 


3721.517 


26863. 15 


b *Fva-v 2 Hhj 














6 


3721. 277 


26864. 88 


a 2 Pih-* 2 P°ox 














\h 


3719. 52 


26877. 57 


b <DiH-s 2 D 2 °^ 














6 


3718.524 


26884. 77 


a 4 G2^-s 4 Fi^ 














30, V 


3717.538 


26891. 90 


a 4 H 3 ^-r 2 F^ 


4 


0.185 






(0. 690) 


0.875 


40c, V 


3717.01 


26895. 72 


a *H5H-z 4 H!^ 














30c, V 


3716.214 


26901. 48 


a »D*h— V 4 £>3« 














6 


3715. 974 


26903. 22 


b *Fw-t *Gfo 














4c 


3715. 196 


26908. 86 


a 4 H 3 ^-£ *F°m 














5c 


3714.852 


26911. 35 


6 4 D 3 H-r 2Q iX 




















fa »D8K-276 hi 


5 


0.216 


__ 


2.108 


(1. 582) 


1.366 


20, V 


3713.819 


26918. 83 














300r, III 


3713.018 


26924. 64 


a *Diy 3 -x 6 D4^ 


76,6 




w 


1.548 


(1. 549) 


1.548 


6 


3712. 554 


26928. 00 


b iFw-s WhA 














12 


3711. 782 


26933. 61 


a Wix-v 2 F^ 














60, V 


3711.343 


26936. 79 


a 6 Do^-2/ 4 r>u£ 


4 


2.024 


1.012 


0.282 


3.318 


1.294 


20c 


3710. 448 


26943. 29 


a ^B.-iVi-x 4 H4^ 


5 


0.309 


0.152 


— 


(0. 690) 


0. 999 


2 


3709. 947 


26946. 92 


a 2 G4H-z 2 Hsmj 














3 


3709. 802 


26947. 98 
















6 


3709. 736 


26948. 46 


a 4 F 2 «-z2Ffo 




















fa 4 Pi^-w; 4 Df^ 
\aiT>2y,-u i G°2y 2 


6 


0.526 


0.795 


1.451 


1.714 


1.188 


25, V 


3709. 422 


26950. 74 














8 


3708. 900 


26954. 53 


a 2 F3K-2 2 *1^ 














4c 


3708. 38 


26958. 31 
















10 


3707. 803 


26962. 51 


a 4F2H-Z 4 F>2H 














7c 


3707.088 


26967. 70 


a *Dm-y 4 D2>$ 














10c 


3705. 602 


26978. 52 
















3 


3704. 628 


26985. 61 


a 2 Foy 3 ~t 4 Fi^ 














40c, V 


3704. 137 


26989. 19 


a 4 H6^-z 4 H6^ 


76,6 




w 


1.21 


(1. 22) 


1.22 


20c, V 


3703. 916 


26990. 80 


a iQsy 3 -v mix 


6 


0.117 






(1. 27) 


1.15 


30c, V 


3703. 167 


26996. 26 


a 4 G 5 M-« 4 Fkt 






0.278 


1.434 






4 


3701. 99 


27004. 84 


fa 2 G4v^-^ 2 G4^ 
\a 4 D 2 >*-fl 2 Qm 














30c 


3699.928 


27019. 89 











0.88 






5 


3699. 582 


27022. 42 
















5 


3699. 078 


27026. 10 


b 4 F3H-$ 4 F4H 














3 


3698. 893 


27027. 45 


b 4 F 3 ^-4002>^ 














200, III 


3697. 850 


27035. 08 


aS~D2y 2 -x*Dhi 


4 


0.088 


0.044 


1.354 


1.662 


1.574 


20, V 


3697. 397 


27038. 39 


a i P2y 1 —w*D ? iy l 


4 


0.262 


0.132 


0.697 


(1. 596) 


1.334 


1 


3697. 155 


27040. 16 


a 2 F3M~« 4 G§j^ 














M 


3697. 024 


27041. 12 


a 4 F4^-2 4 H!^ 














20, V 


3694. 669 


27058. 35 


a 4 H6^-?/ 2 l6^ 


6 ms 


0.13 






(1. 22) 


1.09 


5 


3693. 767 


27064. 96 


a 2 F 2 j^-9 2 FsMf 














4 


3693. 667 


27065. 69 


fa 4 Fi>^- 2 4 Sivi 

\aiF2x-y n>2ui 














20, V 


3693. 365 


27067. 91 


a 4 Po^— w 4 Dom 


6 


2.606 


1.303 


1.347 


2.650 


0.044 
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Table 
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Intensity 
Arc 


A air A 


Wave 
No. 
vac. 
cm -1 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
V 


Strong- 
est 
n 


01 


Qi 


1 


O 


3 


4 


5 


6 


7 


8 


9 


10 


1ft 

3 
5 

15 
4 


3692. 518 
3691. 37 
3689.409 
3689.038 
3688.81 


27074. 11 
27082. 53 
27096. 93 
27099. 65 
27101. 33 


& 2 G4M-w 2 Hfo 
b <Fsh-« 4 G2* 
a 2 G3H-w 2 D!H 














15 

8 
3 

10 
3 


3688. 698 

3687. 440 
3686. 665 
3686.557 
3686.068 


27102. 15 

27111. 40 
27117.09 
27117.89 
27121. 49 


faeDsM-z'FS* 
la •Sjh-3 2 Pfo 

a 4 G3H— * { ~Fm 

a«F 3 M-2<H3^ 
a 4 P2j^— w; 2 Di>$ 
















10c 


3685. 128 


27128. 40 


a 2 Pih-z 2 Pfo? 
















5 

1 

5c 
1 


3684.253 

3684. 18 
3683. 973 
3682. 13 


27134. 85 

27135. 39 
27136. 91 
27150. 49 


(amsy 2 -t 2 G?h 
V> 2 G4*-o<D3K 
a 4 FiH-2/ 6 Piv^ 

a 2 F 2 ^-5 <Gfo 
















3 

5 
10c 

4 
15 


3681.360 
3680. 857 
3678.70 
3677.905 
3677. 771 


27156. 17 
27159. 88 
27175. 81 
27181. 68 
27182. 67 


a fl D3H— V 'Gfo 

6<D2H— ? 4 I>2H 

a 2 G<h-< 2 Fsh 
















20 
20 
10 

5 
40c, V 


3677.084 
3676.307 
3675.304 
3675. 17 
3674.787 


27187. 75 
27193. 50 
27200. 92 
27201. 91 
27204. 74 


a <H4H-r 2 F.^ 
o <F 2 M-« 4 <% 
a 4 H5H— w 2 H5^ 

a «~Dix-y <D3K 


4 
5 

4 


0.125 
0.252 

0.232 


0.065 
0.377 

0.116 


0.841 


(0. 984) 
(0.852) 

1.655 


1.109 
1.106 

1.423 




15 

4 
8c 
4 
8 


3674.691 

3674.469 
3673.227 
3672.726 
3672.580 


27205. 45 

27207. 10 
27216. 30 
27220. 01 
27221. 09 


fa«DiH-!/ 4 D^ 
{(HFzx-yiGZy, 
a*H4H-y 2 I! H 
b <F<H-r 4 F!h 
a 2 F3M-tf 2 F5h 
a 2 Gsm-0 2 G!h 


6 




0.065 


0.914 


0.903 


0.925 




9 

6 
12 
20d 

8* 


3672. 443 
3671.735 
3671. 372 
3669. 736 
3669.347 


27222. 11 
27227. 36 
27230. 05 
27242. 19 
27245.08 


a 8D 2 ^-2762^ 
b *FzH~r 4 FI* 
a 4 GsH— * 4 FIh 
b *Fix-t 4 GIh 


6 
5 


0.251 
0.218 


0.602 
0.109 


0.856 
0.943 


0.722 
0.398 


0.973 
0.616 




40, V 
20, V 

3 

8 
10c 


3669.009 
3668.626 
3668. 435 
3667.760 
3667.665 


27247. 58 
27250. 43 

27251. 85 

27256. 86 
27257. 57 


a *Pih-w 4 D5h 
a *Pox—w 4 Dfo 
& 4 D2^-r<Dfo? 

a <H 3 H-* 2 E>& 


4 
5 


0.402 
1.444 


0.196 
0.722 


0.712 
0.457 


1.718 
2.623 


1.316 
1.179 




12c 
15 
10o* 
7 
80, III 


3667.001 
3666. 534 
3665. 157 
3664.822 
3664.692 


27262. 50 
27265. 98 
27276. 22 
27278. 72 
27279. 68 


a *Gix—8 *¥Ih 
a 4 H5H— * 4 HeH 
6 4 F<h-* 4 Gfo 
o 2 H4^-w 2 GIh 
a 8D3j*-2 TOx 


76,6 
4 






w 


1.229 

1.437 


(1. 224) 
(1. 582) 


1.234 
1.528 




6 
2 

8c 
5 
15 


3663. 432 
3663. 313 
3663. 167 
3662. 927 
3662. 051 


27289. 07 
27289. 95 
27291. 04 
27292. 83 
27299. 36 


6 <F 2 m— r 4 Ffo 
a <G3H-* 8 G§j* 
a*D2H — w 4 D§h 

a 4 Fi^-z 2 PoK 


4 


0.366 


0.181 


0.223 


0.406 


0.772 




10c 
2 
2 
100, IV 
Id 


3661.680 
3660. 74 
3660. 498 
3660. 364 
3658.750 


27302. 12 

27309. 13 
27310. 94 
27311. 94 
27323. 98 


a 2 D 2 ^-£ 4 F3H 
a<H 3 H-r 2 F§^ 
a<Di^-w 4 Di^ 
a 4 F^-|/ <Gfo 
6 4 F<«-? 2 Fs^ 


6 


0.097 


0.436 


1.325 


1.373 


1.276 




4 
4 
8 
4 
4 


3658.648 
3658. 604 
3657.897 
3657. 693 
3657. 254 


27324. 74 
27325. 07 
27330. 36 
27331. 88 
27335. 16 


a 2 H4H-< 2 G§h 
a 4 Pih-z 2 Dfo 
a 2 F 2 h-? 2 FSx 
6 4 Fih-5 *Ffo 
a 4 HsH-y 2 H^ 


6 




0.15 


0.69* 


(0.86) 


0.92 
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Intensity 
Arc 


XairA 


Wave 
No. 
vac. 
cm - * 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
P 


Strong- 
est 
n 


Q\ 


p 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


15 


3657. 110 


27336. 24 


b*Fix-t*Glx 


4 







1.02 


(1.22) 


1.16 


5h 


3656. 495 


27340. 83 


b*Dox-p*m^ 














1 


3656. 265 


27342. 55 


a m 5 x-v mix 














20 


3655. 975 


27344. 72 


a 6 Di>^-j/ 4 PoH 


4 


0. 606 


0.303 


1.563 


1.866 


2.472 


10c 


3654. 430 


27356. 28 


a *Fix~ x A F ? ix 














4 


3653. 616 


27362. 38 


b*T>u4-p*~D°oM 














4 


3653. 276 


27364. 92 


(a*Fz H -zm\x 
\a 6 S2y 3 -to *Pix 














6 


3651. 304 


27379. 70 


b *F 3yj -r *Fiw 














40, V 


3650. 803 


27383. 46 


a tDix-y *G\x 














5 


3650. 516 


27385. 61 
















2 


3650. 31 


27387. 16 


b^2xs i G°2x 














4 


3650. 168 


27388. 22 


a^Qix-ym°ix 














60, III 


3649. 854 


27390. 58 


a *D2x~V 4 PI>* 


76,5 







1.654 


(1. 652) 


1.649 


3d 


3648. 063 


27404. 03 


b 4 Pi^-416^ 














7 


3647. 867 


27405. 50 


a*Y*2y 1 -z 2 YhA 














7 


3647. 724 


27406. 57 


a*¥ix-x*T>ix 














20c 


3647. 306 


27409. 71 


fa*Qix-t *Qfa 
\b *F iH s 4 G§^ 


5 







1.319 


1.255 


(1. 227) 


4 


3646. 118 


27418. 65 


ja f >S2y 2 —w i l?2x 
\a*Dox-u 2 D\x 














9 


3645. 360 


27424. 35 


a 4 P2>*— to 2 T)2X 














20, V 


3644. 935 


27427. 54 


a mix-s m* 


4 


0.112 


0.054 


0.682 


0.963 


0.851 


lh 


3644. 17 


27433. 30 


6 *T>oh-P 4 F!h 














25c 


3643. 725 


27436. 65 


b*D3x-r*Blx 


6 







1.409 


(1.43) 


1.39 


5 


3643. 526 


27438. 15 


a >F3x~s *V ? iX 














15 


3643. 343 


27439. 53 


b*¥zx-t<G\x 


5 




w 


1.625 


(1. 120) 


1.232 


2 


3642. 587 


27445. 22 


a *PiK-ie *P2X 














6d 


3641. 543 


27453. 09 


b 4 Po^-w 2 P?H 














30, V 


3640. 638 


27459. 92 


a «Di«-276 2x 


4 


0.494 


0.247 


0.632 


1.867 


1.373 


40c, V 


3639. 335 


27469. 75 


a *Qix—t { Glx 


6 




0.41ur 


1.21 


(1.26) 


1.16 


20c, V 


3638. 792 


27473. 85 


a 4 F<^-:r 4 F4* 














2c 


3638. 673 


27474. 74 


a 4 Di^-w 4 D?m 














35c, V 


3637. 830 


27481. 11 











1.074 






20, V 


3637. 545 


27483. 26 


a K G%x~s 4 Ffo 


76,6 







1.084 


(1.081) 


1.087 


4 


3637. 306 


27485. 07 


a^x-zmx 














30c, V 


3636. 959 


27487. 69 


a *Gix-v m\x 














2 


3636. 457 


27491. 49 


b <Yzxs mx 














12c 


3635. 852 


27496. 06 


a 4 Hbk— w mix 














6c 


3635. 468 


27498. 96 


a 6 Dox—y 4 Poh 














15 


3635. 328 


27500. 02 


a msx-v mix 


6 




0.262 


1.124 


1.100 


1.148 


5 


3634. 604 


27505. 50 


a m&xs *F?h 














15 


3634. 452 


27506. 65 


a *Gzx~v 2 G\x 














lh 


3634. 03 


27509. 85 


a *F\x-y 6 P2°h 














20, V 


3633. 717 


27512. 22 


/a 6 DiH-z 4 Do^ 
{a*G2x—u*G2x 














15 


3633. 006 


27517. 60 


b *¥2x-r «FI« 


6 






0.876 


(0. 852) 


0.901 


4 


3631. 785 


27526. 85 


a «Dsh-z 2 Pi« 














4 


3631. 338 


27530. 24 
















5 


3630. 700 


27535. 08 


6 *¥ix-Q 4 F5h 














15 


3630. 623 


27535. 66 


a mix-t 2 Gix 


6 


0.11 


0.48 


1.04 


(0. 93) 


1.04 


4 


3628. 921 


27548. 58 


a 'Fix-* *VlH 














8 


3627. 870 


27556. 56 
















15, V 


3625. 717 


27572. 92 


b *Fix-s *Glx 














15, V 


3625. 169 


27577. 09 


a mix-r 2 F°2x 


6 


0.327 


0.817 


1.040 


1.203 


0.876 


7 


3624. 357 


27583. 27 


b Wix-P 4 F2>i 














6c 


3623. 14 


27592. 53 
















4 


3622. 621 


27596. 48 
















1 


3621. 92 


27601. 82 


a 4 G2H-« *Flx 














40, V 


3621. 030 


27608. 61 


a 4 F3^-|/ 4 G3h 


6 


0.231 


0.843 


1.114 


1.230 


0.999 


10 


3619. 207 


27622. 51 


a 4 F2H~^ 4 D§m 














15, V 


3618. 907 


27624. 80 


(a*Pox-xm°ix 
\a2F3«-411 hi 














15, V 


3618. 441 


27628. 36 


a •Djk-J! 4 Pih 














15, V 


3617. 714 


27633. 91 


bmix-um\x 






w 


1.04 







r 
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Table 
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Intensity- 


X air A 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 
est 
V 


Strong- 
est 
n 






Arc 


vac. 
cm -1 


nation 


type 


tion 


0i 


<72 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


6 


3616. 497 


27643. 22 


a6DiH-z 2 F2^ 














10 


3616. 216 


27645. 36 


aiGtx-vmix 














4 


3615. 971 


27647. 24 


a *Gm-y <HSh 














30c, V 


3615. 500 


27650. 84 


a *Gix-s 4 FS* 


6 


0.100 


0.450 


1.148 


1.198 


1.098 


7c 


3613. 45 


27666. 52 


a 6 Do>*— x *D§h 














9 


3613. 013 


27669. 87 


b *F2x~r *Fzy a 














9 


3612.657 


27672. 59 


a»DiK-*«Ffo 














7c 


3611. 285 


27683. 11 


6 2G 4 ^-p 2 G3H 














7 


3610. 765 


27687. 09 


a*T>2x-x*T)iy 3 














8c 


3610. 002 


27692. 95 


b *Fix-r *Fih 


6 







0.424 


(0. 402) 


0.446 


9 


3608. 316 


27705. 89 


b *Vva-P 4 F§m 














lOd 


3608. 013 


27708. 21 


b *F iH -r *FIh 


6 




0.099 


1.231 


1.217 


1.244 


7 


3607. 33 


27713. 46 


a 4 Pih— v 4 Do^ 














8 


3606. 806 


27717. 48 


a*DiH-*<DiH 














m 


3606. 492 


27719. 90 


b i D2M-p i ~D ? 2X 














8c 


3606. 272 


27721. 59 


b *Fih-400 2 %* 














7c 


3604. 643 


27734. 12 
















8c 


3604. 072 


27738. 51 


a^Dz^-y 2 Q m 














8 


3603. 962 


27739. 36 


a tPoH-t 2 D?h 














10 


3603. 435 


27743. 41 


a 2H 4 h-*> 2 HI^ 














6 


3602. 876 


27747. 72 


b i ~Dyy 2 -p i T)2y Q 














2 


3602. 74 


27748. 76 


a*Qix-t*Qlx 












r 


3 


3602. 68 


27749. 23 


a 2 Di^— u i Q2},i 














60, III 


3602. 561 


27750. 14 


a 6D 3 H-y 4 ?2H 


4 







1.558 


(1. 582) 


1.601 


2 


3602. 219 


27752. 78 


b *F3x-q 2 F5h 














3 


3600. 678 


27764. 66 


a«DiK-z»Pfa 














20, V 


3599. 635 


27772. 70 


a 4 F 2 H-y 4 02^ 


6 


0. 331 


0.829 


1.715 


1.023 


0. 692 


20c, V 


3599. 279 


27775. 45 


b*Ftx-8 *Glx 


6 







1.236 


(1. 224) 


1.248 


12d 


3598. 343 


27782. 67 


a 6 Dov$— 2/ 4 Pij4 














8 


3597. 514 


27789. 07 


(a i T>m-t 4 F2w 














16c 


3597. 260 


27791. 04 


6*Fih-s 4 G2^ 














80, III 


3593. 966 


27816. 51 


a «D 2 «-2 4 Si^ 


4us 


0.144 


0.068 


1.434 


1.650 


1.794 


2 


3593. 543 


27819. 78 


b iPm-r *D§h 














3 


3592. 360 


27828. 94 


a *Poy 3 -t 4 P% 














9 


3591. 790 


27833. 36 


a <F»h— % *FIh 














10 


3590. 904 


27840. 23 


a 6 D3H— z 2 FIk 














10c 


3590. 712 


27841. 71 


a 4 G5>$— r *F%y % 














8 


3589. 960 


27847. 54 


a»DiH-f K F\ y% 














100c, V 


3589. 356 


27852. 23 


a iFm-y iGlx 


4 




w 


0. 835 


(1. 330) 


1.240 


100, IV? 


3589. 106 


27854. 17 


a 6 D3^— £ 4 D2H 


5 




- 


1.882 


(1. 582) 


1.462 


2 


3587. 942 


27863. 21 


b 4 F 2 ^-s 4 G§h 














9d 


3587. 400 


27867. 42 


a 4 G2^-f 4 G§^ 














6 


3586. 869 


27871. 54 


a 4 G3K~ s *FI« 














4 


3586. 695 


27872. 89 


a 4 G3^-4002K 














100, IV? 


3584. 972 


27886. 29 


a *F>2X-y 6 PiK 


4 


0.325 


0.163 


1.162 


1.651 


1.976 


4 


3584. 47 


27890. 20 


a *Giy-y 4 HS>* 














2 


3583. 095 


27900. 90 


a 2 H 4 ^-y miy, 














25 


3582. 369 


27906. 55 


(a i P2y 3 -v i D2X 
\am iH -s 4 F^ 


6 


0.243 


0.609 


1.475 


1.596 


1.353 


10c 


3582. 062 


27908. 94 


a 4 G5H-s 4 GI^ 














9 


3580. 788 


27918. 87 


fa6DoH-2 2 Pih 
Wmy-siGlx 














400r, III? 


3580. 277 


27922. 86 


a t~Dm-y 6 Psk 


4 


0.153 


0.075 


1.001 


1.539 


1.692 


3 


3579. 186 


27931. 37 


a 4 H3H-< 4 D!^ 














4c 


3578. 586 


27936. 05 


a 4 D 2 H-s2F^ 














3 


3578. 317 


27938. 15 


a 4 H4H-w 2 Gw 














4 


3578. 23 


27938. 83 


6 4 F 3 h-s 4 GSh 














40, V 


3577. 721 


27942. 81 


a 2D 2 ^-< 2 D 2 °>$ 


6 


0.125 


0.313 


1.141 


1.204 


1.078 


8c 


3577. 238 


27946. 58 


b*G iH -p*Gly 2 














200, III 


3575. 850 


27957. 43 


a 6 D3^— i/ 6 Pi^ 


4 


0.181 


0.092 


1.121 


1.573 


1.764 


20c 


3575. 139 


27962. 99 


a 4 G2j4-r 4 F!u 














3 


3574. 312 


27969. 46 

• 
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4. — First spectrum of columbium (Cb i) — Continued 


Intensity 
Arc 


X air A 


Wave 
No. 
vac. 

cm- 1 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
V 


Strong- 
est 
n 


01 


0i 


1 


2 


3 


4 


5 


6 


7 


7 


8 


10 


5 


3573. 096 


27978. 98 


ffi2H 5 «-^G54 














1 


3572. 10 


27986. 78 


b 2Gsh-o *DIh 














6c 


3571. 485 


27991. 60 


a<G2>*-4002H 














3 


3571. 124 


27994. 42 


a 2 T>m-r 2 F$ H 














7c 


3569. 854 


28004. 39 


a <G4>*-r *F3H 














5 


3569. 692 


28005. 66 
















40, V 


3569. 464 


28007. 45 


a ^Yz^-x iFsH 


6 


0.056 


0.166 


1.204 


1.232 


1.176 


20, V 


3568. 727 


28013. 23 


a 4 Po>*— v 4 Doh 


6 




0* 


1.564 


(2. 650) 


0.477 


5c 


3567. 099 


28026. 01 


a <D3^-w *G°m 














6 


3565. 855 


28035. 79 


a 4 F 2 ^-2/ 2 D!^ 














10c 


3565. 052 


28042. 10 


a *T)zyi-t A F a ^ 














6c 


3564. 028 


28050. 16 


b *T>zx-q *Dhi 














80, IV 


3563. 624 


28053. 34 


a 6 D2^-2/ 4 P2\* 


6 




0.11* 


1.618 


(1. 652) 


1.585 


100, IV 


3563. 501 


28054. 31 


a«Di*-z<S?H 


6 


0.074 


0.111 


1.835 


1.872 


1.798 


6 


3563. 232 


28056. 43 


a">¥zx-8*GvA 














3 


3562. 846 


28059. 47 


0<Hsx— u 2 Q°ui 














6c 


3562. 649 


28061. 02 


a*G2H-s <G2j.* 














6 


3561.697 


28068. 52 


a<D 2 H-£ 4 Ffo 














12 


3561. 142 


28072. 89 


a<Gzy 2 -r*F2x 














7 


3560. 357 


28079. 08 


a 6 Do^-x 4 Dfo 














1 


3559. 470 


28086. 08 


b*T>2^-n^FzH 














12, V 


3559. 128 


28088. 78 


a 4 Po>^— w 2 Dfo 


4 


1.592 


0.790 


0.262 


2.640 


1.058 


9 


3558. 015 


28097. 56 


a*Dxx-t 4 D5^ 














1 


3557. 684 


28100. 18 


a 2 F 3 ^-4165^ 














2 


3557. 023 


28105. 40 


6<PiH-s 2 D2V 














10 


3556. 022 


28113.31 


6 4 D 3 ^-p 4 F4uj 














80, III 


3554. 666 


281 24. 03 


a«Di^-j/6Pi^ 


6 


0.120 


0.180 


1.919 


1.861 


1.981 


60, IV? 


3554. 524 


28125. 16 


aiFzx-xiFlx 


4 




w 


1.144 


(1. 235) 


1.202 


10c 


3553. 613 


28132. 37 


b 4 D 3 ^-p 4 D^? 














6 


3552. 227 


28143. 34 


a«D2^-z 2 F§H 














5 


3552. 000 


28145.14 


a i T)2X-u i Gv/ 2 














1 


3551.37 


28150.14 


a 2 F 2 >4-g 4 FiH 














8 


3551. 102 


28152. 26 


a 2 Gz*-s 2 F§^ 














6 


3550. 624 


28156. 05 


a 2 D 2 ^-MD24 














50, IV? 


3550. 448 


28157. 45 


a*D2x-x*D2X 


6 


0.179 


0.448 


1.562 


1.652 


1.472 


10 


3550. 237 


28159.12 


a 6 ~Dix-x*~Dhi 














1 


3549. 96 


28161.31 


a 'Dnrs 2 F 2 ^ 














12 


3549. 263 


28166. 84 


a 2 F 2 >i-5 2 G§h 


5 




0.21 


1.10* 


(0. 86) 


0.94 


15, V 


3548. 130 


28175.84 


a*F2x-y i G°z}4 


4 




__ 


0. 962 


(1.029) 


0.999 


3 


3547. 426 


28181. 43 
















2 


3546. 910 


28185. 53 


b*Fix-s*F>2x 














8 


3546. 489 


28188. 88 


a i F2X-y 2 T>°2X 














5 


3546. 160 


28191. 49 


a i G2x—r 4 F^ 














12 


3546.031 


28192. 52 


a *F2x-x m* 














6c 


3545. 381 


28197. 68 


<z 4 G4^-s 4 Gfo 














50, IV 


3544. 656 


28203. 45 


a 4 P2^-*> 4 D.^ 


4 


0.197 


0.104 


0.901 


1.590 


1.394 


50, IV? 


3544. 031 


28208. 43 


a6Do^-z 4 SiH 


4 


1.523 


0.763 


1.030 


3.314 


1.791 


12, V 


3543. 936 


28209. 18 


a 2 D 2 ^-.r 2 Pih 














5 


3543. 745 


28210. 70 


fa 2 G^-* 4 F§^ 
\a 2 F 2 ^-416 2H 














1 


3543. 55 


28212. 25 


a *F lH -t 4 G^ 














15, V 


3542. 983 


28216. 77 


a tFix-y 4 Gl4 


5 


0.292 


0.146 




(0. 402) 


0.094 


10 


3542. 560 


28220. 14 


a 4 F4H-2/ 2 F§ H 


5 


0.200 


0.105 





(1.330) 


1.130 


20c 


3541. 898 


28225. 41 


4 F 4 >*-s 4 G.!^ 














15d, V 


3539. 650 


28243. 34 


a 4 D 2 H-< 4 F^?t 






0.685 









2 


3538.076 


28255. 90 
















150, III 


3537. 475 


28260. 70 


a tT>2M-y *Phi 


6 


0.122 


0.306 


1. 739 


1.678 


1.800 


4c 


3536. 212 


28270. 80 


b 4 D3^— it 2 F§« 














1 


3535. 845 


28273. 73 


6 4 P2^-p 4 Flta 














400c, III 


3535. 304 


28278. 06 


(a* Dsx-tf'Plx 


6 
4 


0.124 


0.425 
0,674 


1.642 
2.616 


1.580 
3.326 


1.704 
1.986 


IA 


3534, 85 


28281,69 


bm iH -um° iH 
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Intensity- 


A air A 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 


Strong- 






Arc 


vac. 

cm-i 


nation 


type 


tion 


est 

V 


est 
n 


0i 


Qi 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


7 


3534. 428 


28285. 07 


a*G3x-t*Gix 














20c 


3534. 114 


28287. 58 
















40, IV 


3533. 667 


28291. 16 


a eDix-!/ 4 P5^ 


4 


0.261 


0.134 


1.226 


1.878 


1.617 


5c 


3532. 521 


28300. 33 


a <D2}*— u <Gfo 














7 


3530. 824 


28313. 94 


a 2 F3H-P 2 F& 














10 


3530. 093 


28319. 80 


am4x-t*G°4H 














8c 


3529. 394 


28325. 41 


a 4 Hsk— s <F2>* 














10c 


3528. 315 


28334. 07 


a<D 3 >*-* 4 FU« 


5 


0.201 


0.102 




(1.420) 


1.219 


10 


3527. 959 


28336. 93 


a *Gzh— S *T>2H 














6c 


3527. 280 


28342. 39 


b mtx-o <D§h 














10 


3527. 108 


28343. 77 


a *G2M-r 4 Ffo 


5 


0.385 


0.193 




(0. 742) 


1.127 


2 


3526. 209 


28350. 99 


a 2 H 5 ^-r «F5h 














8 


3525. 88 


28353. 64 


a 4 P2h— w 2 Gr3H 














30c, V 


3525. 219 


28358. 95 


a *G5H— s <G5H 


76,6 







1.26 


(1.26) 


1.26 


8 


3524. 93 


28361. 28 


a 2Gsh-w *G2H 


5 







0.958 


(0.885) 


0.827 


12 


3523. 156 


28375. 56 


a 2 Di^-r 2F2H 


4 







0.770 


(0. 953) 


0.880 


6 


3522. 787 


28378. 53 


b 2 Gs^-m 2 F^ 


4 







0.81 


(0. 90) 


0.94 


2 


3522. 630 


28379. 80 


a 2 H 4 *-* *Gfo 














12, V 


3520. 717 


28395. 22 


a <>Di>i-:r <D$h 


4 


0.381 


0.197 


0.898 


1.851 


1.470 


40, IV 


3520. 055 


28400. 56 


a 4 F2H— x <F2H 


6 







1.017 


(1. 229) 


1.005 


6 


3519. 337 


28406. 35 


a <Di*-< «Ffo 














8, V 


3518. 180 


28415. 69 


a 'Fa*-? 4 Fi4 














5 


3517.84 


28418. 44 


a^Gz^—s <G§h 














12 


3517. 77 


28419. 00 


a 4 Pi>$— iMD?^ 














10 


3517. Ill 


28424. 33 


a 2F2H-P 2 F2h 














15, V 


3516. 863 


28426. 33 


a 2 Di^-/ 2Dfo 


6 




0.055 




(0. 953) 


0.916 


3 


3516. 342 


28430. 54 


b m^-u 2HS* 














10 


3516. 198 


28431. 71 


(a*Gix-u *G$x 
\b *Pix-q *D2°h 














3c 


3514.911 


28442. 12 


a *D m -z 2 P5 H 














3 


3513. 673 


28452. 14 
















2 


3513. 545 


28453. 18 


a m^-s *Ghi 














1 


3513. 24 


28455. 65 


a <G2>«— s *T>2>i 














6 


3512. 749 


28459. 62 


a 2 Gsh-< <F2H 














5 


3512. 309 


28463. 19 
















1 


3511.614 


28468. 82 


a «Dm—z <H?h 














20c, V 


3511.189 


28472. 27 


\a 2 Fsh-P 2 F3M 


4 
6 




w 


0.52 

1.12 


(1. 206) 
(1.13) 


1.67 
1.11 


10c 


3511.13 


28472. 75 


CHF2K-Z 6 S2M 














Id 


3510. 41 


28478. 59 
















1 


3509. 872 


28482. 95 


a<DiH-w 4 GlH 


I 










8c 


3508. 529 


28493. 85 




1 










a 


3508. 21 


28496. 44 


WGw-r *F3h 














80, III 


3507. 960 


28498. 48 


a fl Di^-# 8P5 H 


4 




0* 


1.610 


(1.863) 


1.762 


10 


3506. 991 


28506. 35 


b 2 Hsh-P 2 G\h 














7 


3506. 025 


28514. 20 


a *T>zm—x <D§m 














12 


3505. 812 


28515. 94 


a iDix-t *T>\x 














1 


3504. 59 


28525. 88 


a 2 D2>i — w 4 P5h 














20, V 


3503. 206 


28537. 15 


(aZGtx-x <H 4 °h 
WG2HS 4 G§h 


6 


0.119 


0.440 


1.054 


1.113 


0.994 


8 


3500. 109 


28562. 40 


a Wzx-y 2 F5 H 














7c 


3498. 783 


28573. 22 
















60d, IV 


3498.631 


28574. 46 


ra<PiH-» 4 I%i 

\a*F2M— z 4 F§^ 


4 


0.356 


0.183 


0. 805 


1. 61)4 


1.338 


5 


3498. 441 


28576. 02 


a m^-s *TIm 














3c 


3498. 358 


28576. 69 


a«D3^-z<H§H 














30,1V 


3497. 815 


28581.13 


a 6D2H-2/ 6 Ps* 


5 




w 


1.832 


(1. 652) 


1. 732 


5 


3497. 646 


28582. 51 


a 2 F 2 y 3 -p 2 F§* 














2d 


3496. 284 


28593. 64 


a mix-t 2 GIh 














20c 


3496. 027 


28595. 75 


a*Gix— 5*D3H 














1 


3495. 71 


28598. 34 


a *Gzh-q 2 F§h 














3d 


3495. 473 


28600. 28 
















1 


3495. 18 


28602. 68 


b Woh-v 2P! H 














3 


3494. 57 


28607. 67 


a^ix-tiGlx 
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Intensity 


Xair A 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 
est 


Strong- 
est 


Q\ 


Qi 


Arc 


vac. 
cm - * 


nation 


type 


tion 


V 


n 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


5 


3493. 476 


28016. 63 


a >T> m -t Wbi 














3 


3492. 56 


28624. 13 


b <DiH-t> 2 Pfo 














15, V 


3491. 477 


28633. 01 


fa <F,H-l/ 2 Di^ 
\b *F 3 ^- 4165k 














50d, IV 


3491.024 


28636. 73 


a*Fix-x*F c ix 


6 







0.411 


(0. 402) 


0.420 


1 


3487. 814 


28663. 08 


a 2 Pi*-r <Fi* 














2 


3487. 52 


28665. 50 


O 2D2K-5 4 Ffo 














7c 


3486. 724 


28672. 04 
















12 


3485. 935 


28678. 53 


a 2 F 3 H-r 2 G$k 


5 







1.178 


(1. 135) 


1. 151 


1 


3485. 790 


2S679. 72 


a*Fix-x*G ? syi 














8 


3485. 102 


28685. 38 








0.14 


1.09 






3 


3483. 754 


28696. 48 


a 2 G3jj— u 4 GJk 














1 


3483. 23 


28700. 80 


a*DoH~t*Fhi 














2 


3481. 82 


28712. 42 


a «D4H-0 *QbA 














9 


3481.265 


28717. 00 


fa<G3K-r <F?k 
WGzx-q 2 F2H 














15, V 


3481. 054 


28718. 74 


a <Po>*-tf 4 DIk 


4 


1.434 


0.718 


0.508 


2.660 


1.225 


40, V 


3478. 690 


28738. 25 


a K Tiy>-x <P2K 


6 







1.574 


(1. 596) 


1.552 


4 


3478. 335 


28741. 19 


a 2Dim-« *D!h 














8 


3478.010 


28743. 88 


a *Dih-3 2 Pok 


5 


0.391 


0.194 


1. 153 


0.957 


0.566 


1 


3477. 92 


28744. 62 


a *I)m-u 'Qfa 














1 


3477. 26 


28750. 07 


b *F^-s 2 GhA 














1 


3476. 655 


28755. 08 


a <H5H-*> 2 Hfo 














10c 


3475. 990 


28760. 58 


c *Hiy 3 -s *FS« 


5 







1.143 


(1. 12) 


1.11 


15, V 


3475. 590 


28763. 89 


b *Fsh— q 4 FIa 


4 




Oft 


0.964 


(1. 120) 


1.245 


1 


3474. 99 


28768. 85 


b iF2k-4Hik 














5c 


3473. 362 


28782. 34 


a*G4K-411$K 














7 


3473. 125 


28784. 30 


a *Q3H~s 4 Q*H 














30c, V 


3473. 020 


28785. 17 


b *i\yi—q <FSh 


5 







1.291 


(1. 224) 


1.186 


5 


3472. 776 


28787. 19 


a Wix-v *D?k 














9 


3471. 526 


28797. 56 


a *Gix-x 4 H§k 














10 


3471. 198 


28800. 28 


b 2 Gsk-P 2 Gsk 


6 




0. 239 


0.872 


0.906 


0.838 


5 


3471. 036 


28801. 62 


(a^FvA-s 2 D5k 
\am^-vm\A 














15, V 


3469. 442 


28814. 86 


a 2G4H-Z { B.Ia 


5 







1.120 


(1. 103) 


1.108 


3 


3469. 244 


28816. 50 


a 4 G3M _ * 4 I>3V$ 














7 


3469. 135 


28817. 41 


a 6D2K-Z 4 I>3H 














3 


3468. 942 


28819. 01 


a 2 E.va-s *G5k 














8 


3468. 549 


28822. 28 


a *T>M-t 2 D! H 














15, V 


3467. 474 


28831.24 


a «Dik-* <Doh 


5 


1.101 


0.551 


1.743 


1.192 


0.081 


2 


3466. 231 


28841. 55 


(aiJI^-t *G°3A 
\b *F*h-P 2 F§k 














30, IV 


3465. 860 


28844. 64 


a 4 FiK-j<F2K 


5 


0.603 


0.303 


1.911 


0.403 


1.006 


3 


3465. 610 


28846. 72 


6 <Fs«-p *Fft 














25c, V 


3463. 813 


28861. 68 


a 4 G 5 k-{? 4 FIk 


5 




IV 


1.55- 


(1.26) 


1.20 


8, V 


3463. 685 


28862. 75 


6 4 F 2 ^-g 4 Fik 


5 


0.302 


0.150 


1.309 


0.856 


0.554 


10, V 


3463. 033 


28868. 18 


a 2 Hsk-s *Gfc 














15, V 


3462. 647 


28871. 40 


{a^FzA-V 2 F§k 
\6 «FsM-r 4 FSk 


6 


0.101 


0. 354 


1.205 


1.259 


1.158 


5 


3461. 61 


28880. 05 


a«DjH-z 4 H3H 














5 


3460. 66 


28887. 98 


a 4 P2H-^ 4 G.3K 














25, V 


3459. 702 


28895. 98 


a 4 Dsk-* 4 F>2K 


5 







1.580 


(1. 420) 


1.356 


12, V 


3458. 951 


28902. 25 


a *P2K— * *PiK 


7b, 5 







1.601 


(1.596) 


1.589 


5 


3458. 87 


28902. 93 


a 2 G4K~r 2F§ M 














7 


3458. 740 


28904. 01 


a 4 Po^-y 2 Pok 














20, V 


3457. 801 


28911.86 


a 4 D 2 K-« 4 DiK 


5 


0. 309 


0.154 


1.824 


1.360 


1.053 


2 


3457. 205 


28916. 85 


a^FxA-z *>SIa 














5A 


3456. 993 


28918. 62 


6 2 Q 4H -i 2H 4 ° H ? 














12, V 


3456. 543 


28922. 38 


a 2 QiA~y 2 Kk 


4 


0.120 


0. 060 


0.400 


(1.103) 


0.983 


2 


3453. 425 


28948. 50 


6 4 F 3 k-<? *FIh 














3c 


3453. 08 


28951. 39 


a <D3«-w 8 HIk 














15c 


3452. 652 


28954. 98 


o<PiK-y 2 Pik 














20c, V 


3452. 373 


28957. 32 


a WtA-t *Qix 














3c 


3451. 12 


28967. 83 
















1 


3448. 76 


28987.65 


a >GzA-r 2 F2>i 
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Table 
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Intensity 


X air A 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 
est 
V 


Strong- 
est 
n 






Arc 


vac. 

cm-' 


nation 


type 


tion 


<7i 


Qi 




1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


1 


3447. 843 


28995. 36 


a 4 F4H-z 2 G3M 














3 


3440. 747 


29004. 58 


a 2Qsh-< 4 F 4 « 
















1 


3446. 382 


29007. 65 


a sDik-z 2Pih 
















40c, V 


3445. 67 


29013. 65 


a ^Qix—s i Gly 1 


5 







1.293 


(1.23) 


1.25 




10 


3442. 800 


29037. 83 


a 2H4H-411 $K 


5 




- 


1.62- 


(0. 93) 


0.73 




12, V 


3442. 655 


29039. 06 


a 2 Gza~ $ 4 HSh 


5 




w 


1.378 


(0.885) 


0.995 




4 


3439. 702 


29063. 99 


o 4 G2H— w 2 P?m 
















8 


3439. 342 


29067. 03 


a 6 D 4 ^— y 4 GI>* 
















15, V, Cb II 


3436. 964 


29087. 14 


a 4Hsh-40O 2X 
















3/i 


3435. 04 


29103. 43 


















4 


3434. 118 


29111.24 


a & Dm— x 4 Fsm 
















6 


3433. 18 


29119.20 


b tQvA-t 2 Hhi 
















12, V 


3433. 099 


29119.88 


a *Gix-w mhi 
















15c, V 


3432. 420 


29125. 64 


a *~D<M-t 4 Doh 
















10, V 


3431.955 


29129. 59 


a *F2X-y 2 F 2 y, 
















M 


3431. 064 


29137. 15 


a *T)2H-t mx 
















20, V 


3429. 059 


29154. 19 


a ^iv—x 4 Si^ 


4 


0.214 


0.109 


1.267 


1.588 


1.802 




15c, V 


3428. 795 


29156. 44 


a 4 H3H— s 4 G<>h 
















7 


3428. 369 


29160. 06 


a *Dix-t 2 B\ H 
















50, IV 


3427. 454 


29167. 84 


a tY^—v *FbA 


76,4 







1.325 


(1. 330) 


1.333 




4c 


3426. 730 


29174. 00 


a *B.M-t 4 GS* 
















30c, V 


3425. 855 


29181. 46 


a 4 G 5 H-r 2 G?h 


5 




w 


1.610 


(1.26) 


1.18 


30, IV 


3423. 765 


29199. 27 


a *Fi}4—x iGlx 


6 


0.164 


0. 746 


1.248 


1.329 


1.165 




2ft 


3423. 23 


29203. 83 


a *Fv4-r 4 D§>* 
















1 


3422. 35 


29211. 34 


b *Fzx-r 2 G\x 
















1 


3422. 119 


29213. 30 


a 4 P2>*-u 2 F§^ 
















4 


3420. 287 


29228. 96 


a 6D4K-Z *Flx 
















Id 


3420.11 


29230. 47 


















1 


3419. 148 


29238. 70 


b *F2H—q 4 F3V* 
















15, V 


3417. 867 


29249. 65 


a iF>ix-t *D?h 


6 


0.145 


0.211 


1.123 


1.195 


1.050 




5 


3417. 272 


29254. 75 


a iPox-V 2 PiK 
















30c, V 


3415. 984 


29265. 78 


a 4 D3J^— W 4 P24 


4 


0.158 


0.079 


1.012 


1.407 


1.565 




4 


3415. 603 


29269. 04 


a 2H4H-5 4 Gs>.« 
















15, V 


3414. 070 


29282. 18 


a 4 F4H-w 2 Fsh 


5 


0.249 


0.123 


2.198 


1.327 


1.078 




lOd 


3413.51 


29286. 99 


a 4 H3tf — r 4 F2h 
















15, V 


3409. 915 


29317. S6 


a 4 H4^— r 4 F§h 


4 


0.150 


-- 


0.483 


(0. 984) 


1.134 




50, IV 


3408. 380 


29331. 07 


a 4 F3^— x *GhA 


6 


0.232 




1.130 


1.246 


1.014 




10 


3407. 980 


29334. 51 


b 4 F 3 h-s 2 Dhi 
















10, V 


3406. 616 


29346. 26 


a 4 Pih— £ 4 Po^ 


4 


0.318 


0.159 


1.890 


1.731 


2.049 




40, V 


3406. 140 


29350. 36 


a 4 D 2 H-* 4 F>2H 


76,6 







1.364 


(1. 360) 


1.368 




60, V 


3405. 418 


29356. 58 


a 4 D 3 J4~* 4 D§m 


6 


0. 127 


0. 375 


1.368 


1.432 


1.305 




4 


3404. 512 


29364. 39 


a 6D 3 >^-z es?"^ 
















10, V 


3403. 755 


29370. 91 


a msx-Q *Fly 2 


4 






0.720 


(1.652) 


0.974 




15c, V 


3403. 013 


29377. 33 


















1 


3402. 40 


29382. 62 


a 2D2X-S 4 Fs* 
















10, V 


3399. 967 


29403. 64 


a *1l>2X-x Wlx 


5 




Oh 


1. 468/1 


(1. 360) 


1.288 




25, IV 


3399. 399 


29408. 56 


a iFiyi—x 2 Gly 3 


6 


0.237 


1.064 


1.217 


1.335 


1.099 




15, V 


3398. 254 


29418. 46 











1.20 








2 


3397. 836 


29422. 08 


a 6 D3H— V *GIh 
















1 


3397. 43 


29425. 60 


a 4 H4^— g 2 FhA 
















40, IV 


3395. 928 


29438. 61 


a *FiA-y 2 Flx 


5 




-- 


1.367 


(1.029) 


1.126 




4 


3395. 455 


29442. 71 


a 4 G2^— 414!^ 
















6 


3394. 217 


29453. 45 


















12 


3394. 090 


29454. 55 


a 4 Do>*-* 2 D!m 
















2 


3393. 679 


29458. 12 


b*FiA-qmA 
















100, IV 


3392. 345 


29469. 71 


{a*F2A-x'GbA 
\a 2 RiA—s 2 Gva 


6 
4 


0.408 


1.019 



0.834 


1.034 
(0. 93) 


0.626 




4 


3391. 732 


29475. 03 


a 4 Dik-£ 2D^ 
















7 


3391. 429 


29477. 66 


a *F>ia-x 2 F°ov 2 














i 


10 


3391. 332 


29478. 51 


a 4 G 3 H-4162^ 
















25c, V 


3390. 623 


29484. 67 


a *T>zx-u 2 GbA 


4 


0.403 


0. 609 


__ 


(1. 420) 


1.017 


: 


7c 


3390, 413 


29486. 50 
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Intensity 


X air A 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 
est 
V 


Strong- 
est 
n 


Q\ 


92 


Arc 


vac. 
cm- 1 


nation 


type 


tion 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


lc 


3390. 08 


29489. 39 


a 2F 2 >A-P ^VA 














1 


3389. 73 


29492. 44 


b iQiy-o »CHh 














15, V 


3387. 754 


29509. 64 


a tPm—y 2 So>s 


4 


0.356 


0.178 


1.587 


1.724 


2.080 


10, V 


3387. 579 


29511.16 


a 4 H4M— s 4 G1^ 


4 




__ 


0.646 


(0. 984) 


1.080 


20 


3386. 995 


29516. 25 


a 4 QiH—Q 4 Ffo 














10 


3385.815 


29526. 54 
















12, V 


3385. 665 


29527. 85 


a *Fix—w 4 F§v* 














4 


3385. 192 


29531. 97 


a 4 P2^-f *D°2x 














20, V 


3384. 662 


29536. 60 


a 4 G 2 h-(7 4 Fih 


5 


0.200 


0.098 


1.058 


0.758 


0.558 


1ft 


3384. 50 


29538. 01 


a *QiH-s 2 Ohi 














15, V 


3383. 802 


29544. 10 


a 4 D H-* 4 D?H 














2 


3382. 91 


29551. 89 


6 2 G 3 >*-r 4 Gfo 














20 


3380. 802 


29569. 80 


a 4 PiH-r 4P? H 














7 


3380. 490 


29573. 04 


a 4 G4H~tf 4 F§k 














40, III 


3380. 420 


29573. 66 


a *Fiyi-y *Fbi 


5 


0.475 


0.234 


1. 004 


0.416 


0.891 


20, V 


3380. 055 


29576. 86 


a 4 F^-z 4 Hk 


4 


0.330 


0.165 




(1. 330) 


1. 000 


6 


3377. 743 


29597. 10 


a 4 G 2 ^— 4163m; 














15,1V 


3376. 732 


29605. 96 


a 4 Hsh— r 4 Ffo 














1 


3376. 59 


29607. 20 


a «Dix-V *Uhi 














12, IV 


3376. 341 


29609. 39 


a 4 G3H~ 4 F2h 














60, IV 


3374. 928 


29621. 78 


a m 3 x-w 2 HlH 


5 




w 


1.111 


(0. 885) 


0.935 


5 


3374. 029 


29629. 68 


a 4 G4^— p 2 F§^ 














1 


3373. 71 


29632. 48 


a 4 H 3 >i-« 4 G§H 














6 


3372. 164 


29646. 06 


a 4 PoH-z 4 P(ta 














10 V 


3372. 101 


29646. 62 


(a 4 F4H~ u 4 F§h 
\a 4 F 3 ^-a:2G3H 














40, IV 


3371. 331 


29653. 39 


(a 4 F 3 H-*> 4 F 2 °h 


5 


0. 184 


0.092 


1.700 


1.240 


1.056 


20d 


3369. 840 


29666. 51 


a 4 D 2 ^— w 4 Pi>* 














4 


3369. 719 


29667. 57 


a6D 2 H-2 6 S 2 ^ 














20c 


3369. 081 


29673. 19 


a 4 H5^-s 4 Gfo 














lOd 


3368. 426 


29678. 96 


bm^-tmin 














25, V 


3367. 382 


29688. 16 


a 4 Dih-* 4 D^ 


5 




Oft 


1.602 


(1. 197) 


1.359 


8 


3367. 085 


29690. 78 


a m 5 ]4-r 2 G°m 














50,1V 


3366. 956 


29691.92 


a 2 Gix-w »HIh 


4 







1.041 


(1. 103) 


1.084 


6 


3365. 883 


29701.38 
















15d 


3363. 750 


29720. 22 


a 4 D 2 ^— w *P2H 


G 




0.606 


-- 


(1. 360) 


1.602 


10 


3362. 866 


29728. 03 


a 4 G 2 ^-<7 4 F2x 














2d 


3361. 86 


29736. 92 


b 4 F 3 H-r 4 D§* 














2 


3361. 35 


29741. 44 


a 4 Di*-z 2 Pfo 














7 


3359. 874 


29754. 50 


a 4 Po^— v 2 D\h 














4 


3358. 77 


29764. 28 


a *P iH -w 2 Pfo 














250r, III 


3358. 422 


29767. 37 


a 4 F4H— x i Gly 2 


4 




w 


0. 826 


(1. 330) 


1.238 


Ad 


3357. 899 


29772. 00 


(a tDox—x 2 Fo>* 














25, V 


3357. 043 


29779. 59 


a 4 F3H~ w 2 F 2 >* 


5 


0.256 


0.128 


1.878 


1.238 


0.982 


1 


3356. 76 


29782. 10 


a 2 F 2 ^-p 4 D 2 >s 














8c 


3356. 465 


29784. 72 
















12, V 


3355. 423 


29793. 97 


a 4 G3^— q 4 F3H 


6 




0.437 




(1.081) 


1.186 


80, III 


3354. 743 


29800. 01 


a 4 F 4 >s— 4 F5h 


6 


0.116 


0.554 


l.~272 


1.330 


1.214 


6d 


3353. 675 


29809. 50 


[a 4 PoH~y 2 So^ 
\a 4 EU>*-r 4 Ffo 














Id 


3353. 352 


29812. 37 


a 4 H 33^-0 2 F2^ 














10c 


3352. 868 


29816. 67 
















15, V 


3352. 592 


29819. 13 


a 4 F 3 *-y 4 Ffo 














12, V 


3352. 282 


29821.88 


a 4 P,h-x 4 SIh 


6 


0.093 


0.140 


1.79* 


(1. 721) 


1.814 


3c 


3351.819 


29826. 00 
















1 


3351.511 


29828. 74 


a 4 H4H— ? 'F§h 














2h 


3351. 33 


29830. 36 


6 4 D 2 ^— m 2 F2^ 














7c 


3350. 689 


29836. 06 


a 4 G4H-r 2 Gfo 














4 


3350. 048 


29841.77 


a 2D 2 h-s 4 G 2 >* 














40c, V 


3349. 524 


29846. 44 


a 4 IIeH— * 4 Gfo 


4 




Oft 


1.14 


(1.22) 


1.25 


200, III 


3349. 068 


29850. 50 


a 4 F3H— J 4 G^ 


4 




w 


0.958 


(1.235) 


1.134 


4 


3348. 082 


29859. 29 


a 4 F3>£— w 4 F 2 >* 
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Intensity 


X air A 


Wave 
No. 


Term combi- 


Zeeman 


Separa- 


Strong- 


Strong- 






Arc 


vac. 


nation 


type 


tion 


est 


est 


0\ 


di 






cm-i 








P 


n 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


6 


3347. 558 


29863. 97 


a *F2H-u 2D!h 














25, V 


3346. 935 


29869. 53 


a 4 Poh-£ 4 P?h 


4 


1.053 


0.526 


1.068 


2.648 


1.595 


1 


3346. 09 


29877. 07 


a iJIiM-s 4 01h 














5 


3345. 949 


29878. 33 
















2c 


3345. 40 


29883. 23 


a *T>zx-u 2 G4H 














4 


3345. 178 


29885. 20 


a m^-p 2F§h 














3 


3343. 90 


29896. 64 
















150r, III 


3343. 712 


29898. 32 


a iFix—x *G8« 


4 




Oh 


0.984 


(1. 029) 


1.009 


4 


3342. 912 


29905. 47 


a»DiH-2!«SS« 














2 


3342. 48 


29909. 35 


a i B.iyi—s*T>3^ 














4 


3342. 369 


29910. 33 


1835^-0 J G4H 














200r, III 


3341. 982 


29913. 79 


a 4 Fi>$— z 4 G2h 


5 


0.221 


0.111 


0.964 


0.410 


0.631 


6 


3339. 783 


29933. 49 


a 4 F3>^— w^Ylx 














8 


3339. 268 


29938. 10 


a 2 F2K-rc 2 F^ 














12c 


3339. 158 


29939. 09 


a*D2K— w 2 G§^ 














4 


3337. 87 


29950. 64 


b 4 F 2 *-g ^2H 














15, V 


3336. 321 


29964. 55 


a 4 F2H— w 4 Fi>* 


5? 


0.523 


0.270 




(1. 029) 


0.506 


20c, V 


3335. 420 


29972. 64 
















10 


3333. 970 


29985. 68 


a*F3H-w 4 F2H 














15 


3332. 704 


29997. 07 


a *Fix-w 4 GIh 














25, IV 


3332. 164 


30001. 93 


a 4 F3^— z 4 I?H 


4 


0.400 


0.197 


-0. 594 


(1. 235) 


0.835 


10 


3331. 895 


30004. 35 


a 4 DiH-w 4 Pi}^ 














lh 


3331. 67 


30006. 38 


o 4 P 2 H-o 4 DIh 














10 


3329. 622 


30024. 83 


a 4 Di^— w 4 Poh 














40, V 


3329. 364 


30027. 16 


a 2 G 3 >*-* *Dfo 


6 


0.405 


1.421 


1.096 


0.892 


1.299 


1 


3328. 844 


30031.85 


a 4 Fih-2/ 4 S!x 














6 


3328. 398 


30035. 88 


a*Dox-x*Flx 














6 


3328. 163 


30038. 00 


a *Fm-n 2 F§h 














10 


3327. 923 


30040. 16 


6 4 F 3 ^-p 4 F^ 














4 


3326. 745 


30050. 80 


a 4 P2>*-w 4 r>iH 














50, IV 


3326. 621 


30051. 92 


a*Gix-u*Glx 


76,6 







1.103 


(1. 103) 


1.103 


1 


3326. 077 


30056. 83 


a 4 G 3 H-r 2 Gfo 














1 


3325. 946 


30058. 02 


a 4 DiH— w 4 P2H 














6 


3325. 744 


30059. 84 


a 4 F3*-a: 2 Gfo 














8 


3322. 816 


30086. 33 
















4c 


3322. 68 


30087. 56 
















6 


3322. 245 


30091. 50 


fa 2 H4H-r 2 GIh 
\a 2 D,K-£ 4 G2H 














2 


3322. 00 


30093. 72 


a*FvA-vmH 














4 


3321. 53 


30097. 98 


a 2 G4H-* 2 G3^ 














40, V 


3319. 265 


30118. 51 


a 4 F4H _ w 4 F!>s 














50, IV 


3318. 982 


30121. 08 


a *¥2x-v 4 Ffo 


5 




? 


1.328 


(1. 029) 


0.830 


2 


3318. 461 


30125. 81 


jbmm-t mix 

\a 4 Do^-< 4 D§h 














1 


3315. 979 


30148. 36 


a 2 F2H-rc 2 F3>* 














40, V 


3315. 226 


30155. 21 


a 2 G3K-w 2 (>3H 


6 


0.130 


0.385 


0.936 


0.871 


1.001 


120, IV 


3312. 607 


30179. 05 


o 4 F3K— w 4 F!h 


6 




0.117 


1.218 


1.238 


1.198 


lc 


3311.95 


30185. 03 


6 4 Fih-? 4 D!h 














2c 


3311.75 


30186. 86 


o 4 F4H-<? 4 D3H 














15, V 


3311. 341 


30190. 59 


b 4 Fjh-P 4 F§h 


6 


0.097 


0.288 


1.168 


(1. 120) 


1.217 


25, IV 


3310. 469 


30198. 54 


a iFiyi—w 4 D§h 


4 







1.317 


(1. 330) 


1.337 


2 


3310. 37 


30199. 44 


a 4 PiH-0 2 D2H 














5 


3310. 097 


30201. 93 


b 4 F 2 «-p 4 F!h 














6 


3309. 805 


30204. 60 


6 4 F3h-P 4 D2H 














2 


3309. 617 


30206. 31 


6 2 G4«-o 2 G?h 














1 


3308. 78 


30213. 96 


a 4 F2^-:r 2 G^ 














2 


3308. 710 


30214. 59 


a 4 P2H-w 4 r>2^ 














40, IV 


3308. 050 


30220. 62 


a 4 F2«-» 4 F!h 


6 







1.035 


(1. 029) 


1.041 


3 


3306. 778 


30232. 25 


a 2 D2H~ Q 2 F§h 














1 


3306. 29 


30236. 71 


a 2 Pih-5 4 F!h 














20, V 


3304. 836 


30250. 01 


6 4 F4H-p 4 F 4 K 


6 


0.064 


0.235 


1.244 


1.212 


1.276 


3c 


3303. 07 


30266. 18 
















1ft 


3302. 80 


30268. 66 


6 4 E4H-P 4 D^ 














3 


3302. 48 


30271. 58 


b 4 P 2 K-o 4 D§h 














15c 


3302. 183 


30274. 31 








0. 117A- 








30, IV 


3299. 608 


30297. 94 


a 4 F3h— u 4 F!^ 


6 


0.106 


0.405 


l."l6 


(1. 235) 


1.119 


4 


3298. 977 


30303. 73 
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Intensity 


A air A 


Wave 

No. 


Term combi- 


Zeeman 


Separa- 


Strong- 
est 
P 


Strong- 






Arc 


vac. 
cm -1 


nation 


type 


tion 


est 
n 


Q\ 


172 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


12 


3298. 410 


30308. 94 


a tQ^-t 2 G!^ 














8c 


3297. 286 


30319. 27 


a*Do^-w 4 PoH 














10 


3296. 478 


30326. 70 


b 2H4*-* «H!x 














80, IV 


3296. 025 


30330. 87 


a 4 F4^— m 4 F4h 


6 


0.096 


0.355 


1.269 


1.317 


1.221 


1 


3294. 250 


30347. 21 


a tFzx—w «GIh 














2ft 


3292. 806 


30360. 52 


6 *F 3 H-« »FIh 














10, V 


3291.921 


30368. 68 


a 4 P 2 ^-w 4 I)34 














1ft 


3290. 30 


30383. 64 


a*Q<,x-piF4x 














15 


3290. 007 


30386. 35 


a 4 F2H-*> 4 F§h 














8 


3289. 460 


30391. 40 


a 4 F3ji— w 4 D2^t 






0.20 


— 






3ft 


3288. 19 • 


30403. 14 
















40, V 


3287. 923 


30405. 61 


a *F2M—w 4 Sfo 


4 


0.352 


0.176 


1.068 


1.596 


1.948 


2ft 


3287. 72 


30407. 48 


6 4 F4^-n 2 F§H 














50, IV 


3287. 592 


30408. 67 


a*Fi^— w *Fi^ 


6 


0.097 


0.145 


0.452 


0.403 


0.501 


60, IV 


3285. 668 

3285. 488 
3285. 381 
3284. 81 
3282. 990 
3282. 608 

3279. 826 
3278. 599 

3278. 307 


30426. 48 

30428. 14 
30429. 14 
30434. 42 
30451. 29 
30454. 84 

30480. 67 
30492. 08 

30494. 79 


a 4 F2^— wMFSh 

a 2 Pih-? 4 F5h 

6*PoH-y 2 Pi^ 
a 4 F 3 >i-fl *Fhi 
a 4 G2>*-ff 4 Dij. 3 - 

b 4 F 2 ^-p *Fsh 
a 4 Do^-5 4 FiH 
fo^-p 4 D2^ 
\a 4 P2H-y 4 H§H 









1.018 


(1. 029) 


1.007 


50, IV 


3277. 676 


30500. 66 


a 4 F2H~ w 2 'F ? ix 


5 




Oft 


1.174 


(1. 029) 


1.070 


4 


3276. 567 


30510. 99 


fa*-Dzxs 4 F?h 
la 2 Pi H -p 2 F2M 














2 


3276. 304 


30513. 43 


6<Fih-P 4 D5^ 














5 


3275. 960 


30516. 64 


a tQix-v miy, 














2 


3274. 355 


30531.60 


a 4 Pi^-u 2 Dfo 














3 


3273. 139 


30542. 94 


a 4 DiH-5 4 F^ 














25, IV 


3272. 074 


30552. 88 


a 4 F 2 ^-u *Ff>$ 


6 







1.021 


(1. 029) 


1.013 


10, V 


3271. 982 


30553. 74 


a *Gzx—u 2 G!h 














20, IV 


3270. 761 


30565. 14 


4 Fi^-tf 4 Ffo 














25, IV 


3270. 465 


30567. 91 
















3c 


3269. 493 


30576. 99 


a 4 D 2 >*-s 4 F§^ 














2 


3268. 946 


30582. 11 


a <G 3 H-r 'DsV 














15, V 


3267. 052 


30599. 84 


a 2 G 3 >*-* 2 G^ 


6 







0.895 


(0. 885) 


0.905 





3266. 413 


30605. 83 


6 4 F^-p 4 Ff H 














oC 


3266. 008 


30609. 62 


b 2Gzx—o 2 G§^ 


6 







0.88 


0.85 


(0. 91) 


5 


3265. 313 


30616. 14 
















40, IV 


3264. 597 


30622. 85 


a tFix—w 4 G!m 






Ow 


1.004 


(1.330) 


1.271 


2 


3264. 261 


30626. 01 


a *H5H— g *F°m 














3 


3263. 793 


30630. 40 


aiFiy—u^D^ 














20, V 


3260. 139 


30664. 73 


a *Fih— v *Fiy 2 


5 


0.638 


0.322 




(0. 402) 


1.040 


6 


3259. 140 


30674. 13 


a 2 G 4 *— v mix 


5 







1.288 


(1. 103) 


1.160 


1 


3257. 17 


30692. 68 


a 4 H3H— 416!h 














3c 


3257.004 


30694. 24 


6 4 PiH— o 4 D 2 h 














1 


3256. 03 


30703. 42 


a 2 G3H— * 4 G 2 k 














2 


3254. 71 


30715. 88 


a 2 D2><j— s 4 D§h 














2 


3254. 455 


30718. 28 


a 4 Pi^-w 4 Di^ 














1ft 


3253. 45 


30727. 77 


6 4 Pi^-o 4 D! M 














U 


3253. 339 


30728. 82 


6 4 D 3 >i-r 4 G2K 














1c 


3252. 771 


30734. 19 


6 4 Fih-P 4 F2H 














30, IV 


3251. 630 


30744. 97 


a 4 F 3 ^-*> 2 F^ 


6 


0.070 


0.210 


1.202 


1.237 


1.167 


9, V 


3251. 490 


30746. 29 


a i F2x— w*¥lx 














1 


3250.897 


30751. 90 


a 4 G3H~o 2 F2H 














50, IV 


3249. 517 


30764. 96 


a 4 Fih-u 4 F!h 


6 


0.392 


0.582 


0.593 


0.397 


0.790 


3 


3247. 645 


30782. 69 


a 6 D2H-2/ 4 SI^ 














15, V 


3246. 782 


30790. 87 


a 4 Fi>^— w 2 F1>^ 














2 


3244. 684 


30810. 78 


a 2 G3>^— ^ 2 G1h 














1ft 


3244. 20 


30815. 38 


a 4 G4^-p «FS* 
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Intensity- 
Arc 


XairA 


Wave 

No. 
vac. 
cm-i 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
P 


Strong- 
est 
n 


th 


02 


1 


2 


3 


4 


5 


6 


7 


7 


8 


10 


1 
4 
3 

1 

1 


3243. 725 
3243. 322 
3242. 928 
3242. 67 
3241. Ill 


30819. 89 
30823. 72 
30827. 47 
30829. 92 
30844. 75 


6 *Vsh-p 2 G§ H 

a 4 H4^-g 4 Fl^ 
a 2 D2H— w 2 Plx 














3 
2 

3 

8 
1 


3240. 582 
3238. 975 

3238. 394 

3237. 187 
3236. 810 


30849. 78 
30865. 09 

30870. 63 

30882. 14 
30885. 73 


a iFzx-w 4 D§^ 

/a 4 Fi^-w 4 F2K 
\a 4 G 2 ^-o 2F2H 
a 4 PiH-w 4 D2K 
a 4 G3M~P 4 F2H 














2 
2 
2 

1 

1 


3236. 704 
3236. 078 
3235. 182 

3235. 066 

3234. 65 


30886. 74 
30892. 72 

30901. 28 

30902. 38 
30906. 36 


a 4 H4H-? 4 F§H 

a 4 P 2 ^-s 2 F§^ 
(a*~Dix-xiGvA 
\a2D2K-411§K 
a 4 H3H~P 2 F2h 














3 

2 

2h 

1 

2 


3232. 984 

3232. 891 

3232. 661 
3231. 336 
3230. 794 


30922. 29 

30923. 18 

30925. 37 
30938. 05 
30943. 24 


a 4 Poh — u*~Dqm 
fa«D4«-P 4 Fs^ 

& 4 DiH-n 4 D?H 
a 4 D 2 ^-r 4 Ffo 
a 4 H4H-P 2 F§M 


6 


2.592 


1.296 


1.296 


2.592 


0.000 


1 
1 

4 
4 
2ft 


3230. 53 
3229. 455 
3229. 19 
3227. 711 
3227. 49 


30945. 77 
30956. 07 
30958. 61 
30972. 80 
30974. 92 


a i B.5H— r 2 Q a m 

a 4 F2H~w 4 F>2H 
a i K^y 2 —s 2 Q°4H 
a *Qi}4-q tDsx 














9 
2 

8 
3c 
1 


3225. 194 
3225. 009 
3224. 434 
3223. 751 
3223. 448 


30996. 97 
30998. 74 
31004. 27 
31010. 85 
31013. 76 


a 4 Fi^-w 4 F2^ 
a 2 Pi^-s 8D§j* 
a i Q2y a -p 4 F2m 

a 4 P 2 h-s 2 F§^ 














3 

6 
7 
2 

15, V 


3223. 004 
3222. 958 
3222. 754 
3221. 436 

3221. 126 


31018.03 
31018. 47 
31020. 44 
31033. 13 

31036. 11 


a i Foy i -u i ~Diy i 
a 2 Qp /2 —v 2 B.ly u 
a^xy-y^ly, 
a 2 G\}4—r 4 F§^ 

WQzx-p 4 F3K 


5 







1.055 


(1. 029) 


0.998 


15, V 

6 

6 

20, V 
30, V 


3220. 927 
3219. 681 
3218. 797 
3217.865 
3217. 288 


31038. 03 
31050. 04 
31058. 57 
31067. 57 
31073. 13 


a 4 G 4 ^-p 4 F|^ 
a 4 G3H~P 4 F>2^ 
a 2 G 3 ^-* 4 G§^ 
a 4 F2j^— v 2 F2vs 
a 4 Pih~ w 4 Sjta 


6 

6 
6 




0.27 

0.507 
0.42* 


1.20 
17832 


CI. 23) 

(1. 029) 
(1. 721) 


1.17 

0.829 
1.943 


1 

10, V 
5 

1 

15, V 


3215. 959 
3215. 229 
3213. 884 

3213. 24 

3210. 29 


31085. 97 
31093. 03 
31106. 04 

31112.28 

31140.86 


6 4 PiH-w 2 F2H 
a 2Qiy 2 -t 4 G4H 
a 4 Fi^— w? 4 Dij,£ 
fa 6 D3H— v 4 F2^ 
[b 4 P 2 H-r *GIm 
a 2 Giy a -q 2 F§h 


4 




0. 172* 


0.851 


(1. 103) 


1.174 


3 

lh 

5 

1 

3 


3208. 86 
3207. 64 
3206. 812 
3206. 11 
3205. 975 


31154. 74 
31166. 59 
31174.64 
31181.47 
31182. 78 


a 4 G 2 ^-p 4 F.3H 
a 4 P>2H— r 4 F2^ 
a*Dv A -yiSiy a 
a 2 G 3 h-5 4 F1h 
a 2 G 3 ^-4002^ 














2c 

4 

4 

15, IV 
3c 


3204. 66 

3204. 340 
3201. 498 
3200. 537 
3200. 102 


31195. 57 

31198. 69 
31226. 39 
31235. 76 
31240. 01 


fa 4 G3^-g r4 D3i.^? 
\a 4 G4^-7i 2 F3>; 
a 4 F4^-2 2 l5^ 

a 4 F3H~ w 2 T>h/ 3 


76,4 
5 








1.100 
1.268 


(1. 103) 
(1. 235) 


1.104 
1.209 


3 
1ft 

5 

1 
3 


3198. 182 
3197. 94 
3196. 18 
3194. 64 
3194. 367 


31258. 76 
31261. 12 
31278. 34 
31293. 42 
31296. 09 


a 4 G3^-p 4 F4^ 
b 4 D3j^— o *FSh 

a 2 H 4 h-P 4 FIj4 
a Wva-Q 2 F2>i 























1 
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Table 


4.— First spectrum of columbium (Cb i) —Continued 




Intensity 
Arc 


X air A 


Wave 
No. 
vac. 
cm -1 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
V 


Strong- 
est 
n 


01 


Q2 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


4c 
2 
3 
4 
40, IV 


3193. 003 
3192. 73 
3190. 490 
3189. 560 
3187. 497 


31309. 46 
31312.14 
31334. 12 
31343. 26 
31363. 54 


a 6 Dzm— x i Ol'A 
a2D 2 H-s 2 G§H 
a 4 F 4 H-y 4 E>3H 


4 




w 


1.145 


(1.330) 


1.383 


15, V 
2 
1 

4c 
5 


3186. 550 
3185. 55 
3184. 77 
3182. 399 
3182. 063 


31372. 86 
31382. 71 
31390. 39 
31413.78 
31417. 10 


a 4 Po^— w *S?h 
a 2 G3^— r 4 F^ 
a 2 F3^— o 4 D§h 

bmix-omix 

a 4 F2K— w 4 D§^ 


4 


0.700 


0.355 


1.603 


2.653 


1.953 




1ft 

2 
2 
1 

3 


3181.11 
3180. 79 
3178. 632 
3178. 17 

3175. 68 


31426. 51 
31429. 67 
31451.01 
31455. 58 

31480. 24 


a *T>2X-q 2 F§h 
a 4 F^— w 2 G°m 
a 6 D4>$— w 4 G§'^ 
a 4 D 3 ^-s 4 Dfo? 
fa 4 Fih-z 2 D!h 
\6 4 Dih-4692H 
















4 

12, V 
4 

10c 

6 


3173. 677 
3172.511 
3172. 304 

3171. 425 

3171. 168 


31500. 11 
31511.69 
31513. 74 

31522. 48 

31525. 03 


a 4 F 2 ^-w 2 Di><; 
a 4 Fi^-y 2 F2^ 
a 4 F4*j-w 2 GSH 
r(i«D 4 H-z 4 G e 5H 
WG4x-Q 2 Gb< 
a *Gix-r «F$k 


6 


0.437 


0.212 


1.452 


0.360 


0. 797 




4 

8 
2 

2/1 
1/* 


3170. 163 
3168. 599 
3168. 141 
3166. 59 
3166. 49 


31535.03 
31550.60 
31555. 15 
31570. 60 
31571.60 


a 2 G 3 M-r 4 F§k 
a 2 Po*-r 4 Dfof 
abVm-viYlx 
a 2Pik-o 2 F2m; 
b *F2H-r 4 G5h 









0.726 








1 
2 

1 

1 
8 


3166. 230 
3164. 488 

3164. 148 

3161. 49 
3161. 194 


31574.19 
31591.57 

31594. 97 

31621. 53 
31624. 49 


a 4 P 2 >*-* mn 
a 2 D 2 >^-p 2 F 2 ^ 
Ja *F3j<-tt 2 H4K 
{aKhH-tiGlx 
a 8 D2H— w 4 F 2 ^ 
a 2 G4H-» 4 P>3}i 
















3 
6 
2ft 

2 
2 


3160. 60 
3159. 332 
3159. 21 
3158. 962 
3157. 73 


31630. 44 
31643. 13 
31644.35 
31646.84 
31659. 18 


a2DiH-w 2 Pfo 
6 4 P 2 ^-o 4 F 2 ^ 
a 2 G 3 H-s *D|« 
a 4 P2K-z 4 H3^ 


6 


0.434 


0.651 


1.165 


0.948 


1.382 




2 
10 
30, IV 

6 

2 


3154. 321 
3153. 98 
3151.870 
3148. 710 
3146. 863 


31693. 40 
31696. 82 
31718.04 
31749. 87 
31768. 51 


a iT>2x-q 4 FSh 

a 4 F3H-y 4 P>2^ 
a 2 D 2 H-P 2 F§* 
a 4 Di^-s 4 D§>i 


4 
4 






o" 


0.97 
0. 998 
0.976 


(1. 235) 
(1. 206) 


1.330 
1.140 




5 
l/i 

l 

Ih 

2 


3145. 920 
3144. 45 
3143. 44 
3142. 926 
3142. 644 


31778.03 
31792. 9 
31803. 1 
31808. 30 
31811.16 


a 2 H4H— ff 2 G§« 
b 4 PiH-y *Pfo 
a *F 2 h-m' "Dlu 
6 4 D 2 H~« 4 P>3^? 
a 2Q 4H -4111h 
















2 
1 
15, V 

1 
1 


3142. 384 
3138. 888 
3136. 972 
3136. 49 
3134. 835 


31813. 79 
31849. 22 
31868. 67 
31873. 6 
31890. 40 


a 4 PiH-i 4 Fi^ 
a 4 P 2 ^-r 2 F2H 
a 4 Fih-^ 4 P% 
a 6 D4M-w 4 F4^ 
a 4 PiM~ u i GhA 


4 







0.381 


(0. 402) 


0.444 




2 
1 
15, V 


3134. 620 
3133. 89 
3133. 088 


31892.58 
31900.00 
31908. 18 


a 2 F 2 h-w 2 F^ 
a 4 P 2 H-^ 2 DIh 
a 2 G 3 ^-? 2Ffo 


4 







0.833 


(0. 885) 


0.927 




1 

2 


3132. 881 
3132. 589 


31910.28 
31913. 26 


|a 6 D 3 H-^ 4 F4^ 
\a 4 D 2 ^-s 4 D§^ 
6 4 P 2 M-« 4 P>2H 
















2ft 

4 
2 
3 
15, V 


3131.61 
3129. 554 
3125. 197 
3125. 12 
3122. 646 


31923.2 
31944. 21 

31988. 74 

31989. 5 
32014. 87 


6 *F3H— o <DS« 
a 4 Fi^— w 2 D\x 
a 4 Pih-^ 4 F§« 
a 4 P 2 *|-< 4 Di^ 
a 4 F3^-^ *DI« 


6 


0.157 


0.548 


1.307 


1.229 


1.386 
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Intensity 
Arc 


X air A 


Wave 
No. 
vac. 
cm -1 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
V 


Strong- 
est 
n 


Qi 


03 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


1ft 

5 

2ft 

3ft 

5 


3122. 13 
3121. 964 

3121. 66 

3121.35 
3120. 878 


32020. 2 
32021. 86 

32024. 98 

32028. 2 
32033. 01 


b 4P2H-4692* 
a 2Di^-414fo 

\&4F4H-0 4 D§h 

a Wax- z mi H 


6 


0.483 


0.724 


1.180 


0.939 


1.422 


3 
6 

1 
15, V 

1 


3120. 276 
3119. 402 
3117.65 
3116.386 
3114. 934 


32039. 19 
32048. 16 
32066. 2 
32079. 38 
32094. 13 


a*D2M-w 2 Pfo 
aiFm-viQlx 
a 6 Do«— w 4 D(ta 
a 2D 2 H~* 2 F>2X 
a zQw-s 4 G4H 


4 







1.194 


(1. 206) 


1.214 


1 

4 

3 
2ft 


3114.51 
3114. 38 

3113.061 

3112. 630 
3112.08 


32098. 5 

32099. 8 

32113. 44 

32117. 89 
32123. 6 


o *Dik-475!^ 

a 4 H3H-P 4 F2H 

fa*Pox-**FiH 

\b*FvA-umix 
a4D 3 *j-4162H 

o *p 2 *-o mx 














1 
2 
20, V 
5 
3 


3111.79 
3111.558 
3111.446 
3109. 735 
3108. 07 


32126. 6 
32128. 95 
32130. 11 
32147. 78 
32165. 


a 2 G 3 ^-s 4 D^? 
a 4 H4H~P 4 FIh 
a 4 F2H-tf 4 DIh 
a 4 H5^-p 4 FI^ 
a 4 F3>s— W 2 G§m 


4 


0.201 


0.100 


0.730 


1.031 


1.232 


1 
2ft 

1 

1ft 

2 
5 


3105. 79 
3104. 86 

3103. 39 

3101. 69 
3101.064 
3100. 97 


32188. 61 
32198. 26 

32213. 5 

32231. 2 

32237. 67 

32238. 6 


& 4 F3M-o 4 !>3>s 
a 2 PoH~9 4 I ) oH 
(6 4 D 2 H-o 4 F2^ 
^o 4 F 2 h-o 4 D2H 
la 2 PoH-J* 4 DiH 
aSD2x-x 2 &lx 
a 2 Di^-r 4 Do>^ 
a 4 Pih~* 4 Dom 














3 

2 
2 

3/1 
10, V 


3100. 163 

3098. 98 
3098. 780 
3098. 300 
3096. 490 


32247. 04 

32259. 4 
32261. 43 
32266. 43 
32285. 29 


Ja 4 FiH-w 2 D2H 
\& 4 F2M-o 4 r>i^ 

a 4 F 3 ^-z 2 H2^ 
a i F 2 H-r 2 F§h 
a 4 F2>*— v 4 DIm 


6 


0.331 


0.813 


1.198 


1.034 


1.363 


2 
5 
1 

2 

9 


3095. 22 
3094. 37 
3093. 65 

3090. 13 

3088. 05 


32298. 5 
32307. 4 
32314. 9 

32351. 7 

32373. 5 


o 4 Pih-w 4 FI^ 
a 2 DiH-g 4 F^ 
6 4 Fsh-to 2 F^ 
( a *Fi H -v iQlx 
\a 4 H43^— P 4 F^ 
a 4 F4>*-w 2 F§>* 














1ft 

4 
2 
1A 

4/* 


3087. 75 

3087. 625 
3086. 475 
3085. 67 
3084. 94 


32376. 7 

32377. 98 
32390. 04 
32398. 5 
32406. 2 


/6 4 P 2 ^-n 4 D§^ 
\a*I)m-w 2 Pi^ 
a 6 D4^— w 4 G5H 
a 2 Dih-P 2 F2%* 

& 4 D3M-0 4 F4J4? 














2 
1 

10 
3 
3 


3083. 828 
3083. 607 
3082. 859 
3077. 800 
3075. 816 


32417. 85 
32420. 17 
32428. 03 
32481. 33 
32502. 28 


a 4 D2^— 414fo 
a 4 H3H— ft 2 F2^ 
a 4 P2H-* 4 D2H 
a 4 P 2 K-* 2 PiM 














3 

10 

7 
1 

1 


3074. 447 
3072. 397 
3072. 296 
3071. 77 
3071. 34 


32516. 76 
32538. 45 
32539. 52 
32545. 1 
32549. 6 


a 4 PiH-r 2 F2H 
a 4 Pok — J 4 Doh 
a 4 F4H-l/ 2 H5>4 
aiQix-qmx 
a 4 F3^-x 4 P2^ 














10 
3 

2 
10 

8 


3069. 023 
3066. 41 
3061. 78 
3061. 232 
3061. 100 


32574. 42 
32602. 
32651. 3 
32657. 12 
32658. 53 


a 4 FiH~y 4 DiH 

a 2 G4^-g 4 Fl^ 
a 2 D 2 ^-o 2 F2>i 
a 4 PiH-* 4 Di^ 
a 2 G4^-p 2 Fs^ 


4 







1.057 


(1. 103) 


1.129 
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Intensity- 
Arc 


X B ir A 


Wave 
No. 
vac. 

cm-i 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
V 


Strong- 
est 
n 


9i 


<7a 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


5 
9 
1 
3 
10 


3060. 39 
3056. 608 
3054. 47 
3054. 14 
3053. 086 


32666. 1 
32706. 52 
32729. 4 
32733. 
32744. 25 


o 4 P2^— w*Fiy a 


4 




0.153 
0. 133/1 


0. 904 
1.497 


(1. 596) 


1.662 


6 
5 
8 
6 
20 


3052. 988 
3052. 73 
3051.990 
3051. 666 
3048. 093 


32745. 30 
32748. 1 
32756. 01 
32759. 48 
32797. 88 


a *Pva-v 2 Pfo 

a 2 H5H-w 2 H5M 
a«Fiji-y 2 PoH 
a i F2X—w tPb/j 


6 

6 

4 
76,6 











1.215 

1.08 
0.381 
1.598 


(1. 175) 

(1. 10) 
(0. 402) 
(1.596) 


1.255 

1.06 
0.440 
1.600 


5 
5 
5 
5 

1 


3045. 546 
3041. 89 
3041.660 
3041.358 
3040. 67 


32825. 31 
32864. 8 
32867. 25 
32870. 51 
32877. 9 


a *Fm-v 4 Gs^ 
a 4 PoH-« 2 DiH 
a2Di«-« 2 D2H 









0.900 






3 

20 
7 
5 
3 


3040. 25 
3039. 68 
3039. 19 
3033. 396 
3029. 23 


32882. 5 
32888. 7 
32894. 
32956. 78 
33002. 1 


a<PiH-* 2 D2H 
a*P2x-t*mx 

aiFox-tWix 
a 2 G 3 ^-p 2 F§^ 














4 

7 
7 
1 
2 


3029. 17 
3028. 69 
3027. 89 
3027. 16 
3023. 38 


33002. 8 
33008. 
33016. 7 
33024. 7 
33066. 


a 2 H4M-w 2 H2H 
a i F2y 3 — u 2 Qax 
cl*Fzh— u 2 Fly t 
a 2 F 2 M-r*Gfo 














20 
3/i 
2/i 

1 
8 


3020. 668 
3019. 780 
3019. 34 
3016. 258 
3015. 24 


33095. 65 
33105. 38 
33110. 2 
33144. 04 
33155. 2 


a*Fix-tiF)2H 
a 2 D2>*— n 2 F2H 
a*Fix-yn i0 m 
a 4 Do^— <7 4 Fi>* 


4 


0.389 


0.146 


0.804 


1.777 


1.388 


3/i 

5 

1 
3 
9 


3013. 27 

3012. 546 

3007. 284 
3006. 964 
3005. 141 


33176. 9 

33184. 87 

33242. 94 
33246. 46 
33266. 64 


fa 6 D3^— i' 4 D2H 
U 2 D2M-p 4 D§^ 
/a 4 PoK-z 2 PoH 
\a*F>m-w 2 G 4 ^ 
a^F^-v 2 Gl Vi 

a 4 F2H — y4 G§H 


6 
4 








1.608 
0.994 


(2. 650) 
(1.029) 


0.566 
1.013 


1 
4 
7/i 

1 
5 


3004. 49 
3000. 72 
3000.11 
2998. 312 
2998. 220 


33273. 8 
33315. 6 
33322. 4 
33342. 41 
33343. 43 


a*F)2M~s 2 Dhi 
a 2 F>2X~n 2 Flx 

a 4 F3H-y 2 Hl^ 
a 4 F3H-tf 2 F>$M 














6/1 

5 

1 

6 

6 


2996. 49 
2992. 084 
2989. 63 
2988. 789 
2988. 692 


33362. 7 
33411.80 
33439. 2 

33448. 64 

33449. 72 


a 2 DiH-p 4 DoH 
a 4 PiH-«; 4 Pfo 
a*FiH-tm\x 
a 4 PoH-* 2 PiM 
a 2 Di^-o 2 F2H 














15 
3/i 
1 
4 
5 


2987. 286 
2986. 84 
2986. 02 
2984. 077 
2983. 13 


33465. 47 
33470. 5 
33479. 6 
33501. 47 
33512. 1 


c 4 Pih— w 4 P!h 
a *Fi^-x 2 H!h 
o 2 H 5 h-P 2 GSh 
a 4 FiH-:r 4 PoH 
a'F^-^GS^ 


4 




w 


1.382 


(1. 721) 


1.586 


15 
1 
5 
1 
3 


2981. 636 
2981. 28 
2974. 54 
2973. 83 
2972. 47 


33528. 88 
33532. 9 
33608. 9 
33616. 9 
33632. 3 


a 4 F4H~ u*F>ix 
a 4 F2>i— z 4 Sfc 

a 2 H4H-p 2 G 3 H 


4 







1.227 


(1. 330) 


1.389 


1 
10 
5 

1 

S 


2969. 594 
2965. 48 
2963. 682 

2962. 288 

2959. 973 


33664. 84 
33711.5 
33731. 99 

33747. 86 

33774, 25 


a *Fix-y 2 Soh 
a 4 Po^— w> 4 Pi>i 
a 4 Po>*— w*Pox 
/a*DiK-p«D2K 

a *Fsj$— U*D$ii 


4 
6 

5 


0.946 


0.462 





1.186 
2.601 

1.326 


2.605 
(2. 650) 

(1. 235) 


1.659 
2.552 

1.162 
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Intensity 
Arc 


X air A 


Wave 
No. 
vac. 
cm -1 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
V 


Strong- 
est 
n 


9\ 


92 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


5 
2 
Id 
2 

6 


2955. 444 
2950. 70 
2949. 15 
2948. 060 

2945. 74 


33826. 01 
33880. 4 

33898. 2 
33910. 73 

33937. 4 


<z2D 2 ^-y 2 PiH 
a2H4H-P 2 G4K 
a^Ds^— P 4 Faa 
a 4 F 2 ^ — v 2 F>2A 
fafDi^-g 4 D^ 
\a 2 Po>i-y 2 Pih 


4 







1.079 


(1. 206) 


1.291 


1 

15 
5 

1ft 
4 


2942. 10 

2938. 067 
2934. 980 
2932. 93 
2929. 662 


33979. 4 

34026. 06 
34061. 85 
34085. 6 
34123. 67 


a 2 GsH-o 2 F2j* 
a 2 G 4 H-p 4 D^ 

a 2 F 2 H-o 3 G3K 


4 




ur 


1.084 


(1. 235) 


1.296 


2ft 

8 
10 
8 
5 


2929. 13 

2925. 360 
2924. 824 
2923. 025 
2916. 500 


34129. 9 

34173.85 
34180. 11 
34201.15 
34277. 66 


(a i T)2A-p i FvA 
a iFva-s 2 F§v< 


5 
6 




o*~ 


1.958 
1.306 
1.180 


(1. 330) 
(1. 235) 


1.151 
1.377 


1 
2 
2 

2 
2 


2915. 18 
2915. 059 
2913. 135 
2911.08 
2910. 69 


34293. 2 
34294. 61 
34317.26 
34341. 5 
34346. 1 


b 4 F.3H— u^DIa 
a*~Dix-y 2 UlA 
a iDva-p *Fh4 
a<F 2 K-w 2 D<>H 
a 2 Q3H-P 4 F§^t 









1.16 






5 
3 
10 
1 

4 


2908. 88 
2906. 422 
2903. 650 
2901. 692 
2897. 605 


34367. 4 
34396. 52 
34429. 35 
34452. 58 
34501. 18 


a <P 2 H-r 4 F§h 
a*FiA-u*~D\y 2 
a ^G2y 2 —r i QzA 


4 




w 
Oft 


1.03 
0.799 


(1. 029) 


1.182 


6 
6 
5ft 
3 

1 


2897. 345 
2896. 998 
2896. 24 
2894. 90 
2894. 77 


34504. 27 
34508. 40 
34517. 4 
34533. 4 
34534. 9 


a i F 2 A-Q 2 F§^ 
a 4 P2H - s 4 D2j.s 

biFiA-O^VA 














3ft 

6 
10 

6 
12 


2893. 47 
2890. 174 
2889. 898 
2887. 294 
2884. 968 


34550. 5 
34589. 87 
34593. 18 
34624. 38 
34652. 29 


a i F2AS i G 3A 

a i F2A—u i F)°2A 
a 2 F>ia-v 2 Pi« 
a V&ia-I 2 Hsh 


6 


0.101 


0.450 


1.049 


(1. 10) 


1.00 


1 
1 
1 
8 
3 


2883. 89 
2883. 626 
2879. 97 
2879. 492 
2878. 818 


34665. 2 
34668. 42 
34712. 4 
34718. 19 
34726. 32 


a 2 G4H~o 4 F§^ 
a^CxsA-o^Fhi 
a *Fsas 2 ~Fhi 
a i F\A~u i G\A 
a *GiA-n 2 FIa 














3 

15 
2ft 
1ft 


2878. 16 
2874. 564 
2873. 68 
2872. 93 


34734. 3 
34777. 70 
34788. 4 
34797. 5 


a *FiA-t *FI« 
o 4 Fi^— u*Doa 
a^GiA-n 4 F|^ 
a *GiA-t 2 H!h 


5 


0.379 


0.183 


0.588 


0.398 


0.019 


3 
5 
2 

8 

20 


2871. 238 
2870. 654 
2868. 96 

2866. 672 

2864. 324 


34817. 99 
34825. 07 
34845. 6 

34873. 44 

34902. 03 


a *FiA-s 2 Fhi 
b 4 F 2 ,4-475!h 
(a iFiA-u*Fj°iA 
{a^A-y^vA 


6 


0.794 


1.191 
0.130 


0.800 
0.936 


0.403 


1.197 


1 
2 

15 
10 
10 


2862. 49 
2861. 76 
2859. 962 
2858. 974 
2857. 294 


34924. 4 
34933. 3 
34955. 26 
34967. 34 
34987. 89 


a *F2A-t 2 FlAt 
a 2 T)2A~o *F>Ia 
a i FiA—u i GlA 

a *P2H-s 4 P>3H 














12 
3 

15 

20 
2 


2854. 168 
2853. 264 

2851. 978 

2851. 446 
2845. 52 


35026. 21 
35037. 31 

35053. 11 

35059.65 
35132. 6 


a 4 F4*-* 4 FI^ 
a 4 FiH-w 4 D2^ 
(a 2 B.4A-t 2 H^ 
\a 2 GzA-Q 2 Glx 
a 2 F>2A-m 2 F2^ 
a iFzA-t *F a 2A 


6 

5 


0.080 


0.296 
Oft 


1. 322* 

1.28 


(1. 330) 
(0. 93) 


1.250 

1 
0.99 
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Table 4. — First spectrum of columbium (Cb i) — Continued 



Intensity 
Arc 


X air A 


Wave 
No. 
vac. 
cm -1 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
P 


Strong- 
est 
n 


Qi 


<72 


1 


2 


3 


4 


5 


6 


7 


7 


8 


10 


6 
10 
30 
4 
3 


2842.018 
2840. 929 
2836. 245 
2833. 648 
2833. 51 


35175. 95 
35189. 43 
35247. 54 
35279. 85 
35281. 6 


a 4 F 2 >*-« 2 FS^ 


' 







1.03 






3 
3 
12 

10 

4 


2829. 367 
2828. 950 
2826. 47 
2825. 180 
2824. 785 


35333. 22 
35338. 43 
35309. 4 
35385. 58 
35390. 53 


a 4 F4H— z 4 Hs^ 


6 


0.004 


0. 190 


1.170 


(1. 235) 


1.171 


3 

8 

3 
15 
3 


2824. 642 

2821.924 

2820. 38 
2819. 215 
2818. 74 


35392. 32 

35426. 41 

35445. 8 
35460. 45 
35466. 4 


a <F 2 H-s 2 Ffo 
(aiF iH -rmH 
la 2 H4H-o 2 G§H 
a 4 F4H-2/ 2 Ifo 

a 2 Di^— o*D2H 






w 


1.39 






2 
1 
6 

10 

7 


2816. 430 
2814. 53 
2811. 625 

2808. 050 

2802. 066 


35495. 51 
35519. 5 
35556. 17 

35601. 43 

35677. 46 


a 4 P2H-414ik 
a *G2>4-475fo 

\a 2 Pi>*-4692H 
a 4 F 3 h-< 4 FSm 


5 







1.288 


(1. 235) 


1.254 


10 
7 
6 
3 
9 


2800. 315 
2799. 354 
2798. 428 
2797. 215 
2795. 868 


35699. 77 
35712. 03 
35723. 84 
35739. 33 
35756. 54 


a 4 F 2 ^-« 4 F2>* 
a ^Fzn—x 4 ll4^ 
a 4 Fih-s 2 F^ 
a m 5 y a -o 2 G3h 
a 4 F2H-w 4 G3H 


6 
5 


0.007 


0.145 



1.006 
1.100 


1.040 
(1. 029) 


0.973 
1.061 


3 
3 

3 

6, Sn? 
4 


2793. 973 
2793. 704 
2789. 200 
2787. 944 
2786. 390 


35780. 80 
35784. 24 
35842. 02 
35858. 17 
35878. 17 


a *F2H-Q 4 F 2 h 
a *Fm-w 2 Pfo 
a 2 G4H-o *Dfo 
a 2 Dih-w 2 F2H 
a 2 Poh-» 2 Poh 














20 
4 

10 
8 
3 


2782. 356 
2780. 600 
2779. 71 
2779. 36 
2774. 935 


35930. 18 
35952. 87 
35964. 4 
35968. 9 
36026. 28 


a*Gix-umiy 3 
a 4 F 2 h-< 4 Fsh 

a 4 Fih-< 4 Fh< 
a *Fz^-t TO* 


4 
6 


0.126 




0.176 


1.041 


(1. 103) 
(0. 402) 


1.084 
0.528 


3 

50 
7 
5 
15 


2774. 052 
2773. 197 
2766. 182 
2765. 918 
2763. 380 


36037. 73 
36048. 84 
36140. 26 
36143.71 
36176. 90 


a 4 F2H~z 4 H§^ 
a 4 F4H-< 4 Dfo 
a 2 H4H-o 2 G1>4 
a 4 Fih~* 4 F2M 
a 4 F4H-w 2 G§>i 


5 
5 




IC 


1.392 
2.452 


(1. 330) 
(1.330) 


1.295 
1.011 


10 
2 

50r 
10 
20 


2760. 990 
2760. 441 
2758. 605 
2755. 632 
2755. 288 


36208. 22 
36215. 42 
36239. 52 
36278. 61 
36283. 15 


a 4 F4H-w 2 Hfo 
a 4 Fsh-* 4 F>2H 
a *F^-t 2 Dfo 
aiGix-umiH 


4 




-- 


1. 046+ 


(1. 235) 


1.386 


3 
6 

10 
3 

30r 


2754. 40 
2754. 066 
2753. 007 
2752. 682 
2748. 848 


36294. 8 
36299. 24 
36313. 20 
36317. 49 
36368. 14 


a *Fzh—w 2 H2>* 

a 4 PiH— 4162^ 
a 4 F2^— * 4 DIh 


4 








1.145 
1.011 


(1.029) 


1.053 


30r 

1 

2 
10 

2 


2746. 910 
2742. 79 
2741. 71 
2741. 146 
2734. 027 


36393. 80 
36448. 5 
36462. 8 
36470. 33 
36565. 29 


a 4 F w — < 4 DSh 
a 4 Pi^— Q 4 F^ 
a 4 Poh— 414ih 
a iG%y—m 2 FIh 
a 2 DiH— p 2 Po* 


5 


0.287 


0.146 


0.553 


0.409 


0.122 


6 
6 
6 
2 
2 


2729. 829 
2728. 076 
2726. 080 
2725. 68 
2725. 33 


36621. 51 
36645. 05 
36671. 86 
36677. 3 
36682. 


a *F 4 h— * 2 GsV a 
a 4 F 2 H— r 2 F§^ 
a 4 Fik— r 2 F§h 
a 4 P2^— B 4 D 2 >* 
a 2D 2 h— 4695>i 















f" 
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Table 4. — AVsi spectrum of columbium (Cb i) — Continued 




Intensity 
Arc 


X air A 


Wave 
No. 
vac. 
cm -1 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
V 


Strong- 
est 
n 


01 


02 




1 


2 


3 


4 


5 


6 


7 


7 


8 


10 




15 
6 
5 

15 
8 


2723. 986 
2722. 310 
2720. 024 
2716. 100 
2715. 690 


36700. 06 
36722. 65 
36753. 51 
36806. 61 
36812.16 


a 4Fsk— * 4 Dsh 
a *Fiy—t 2Dih 
a i F2X—r 4 D.3H 
a *F2 H —t *~D°2X 
a *Fix—t *D!m 


6 




w 


1.277 


(1. 235) 


1.319 




6 

5 
2 


2715. 500 
2714. 198 
2712. 17 


36814. 74 
36832. 40 
36859. 9 


a 4 F4H— s *Ffa 
a *F iH —t *Qi H 
a *F 2 x—x 2pfo 
















4 
3 


2698. 965 
2698. 540 


37040. 27 
37046. 09 


(a* F iy — x 2P§^ 
Wax— 1 2 Hia 
a 4 Dsk — o *F2i4 












! 




8 
30 

2 
30r 

4 


2696. 052 
2695. 038 
2689. 182 
2687. 149 
2683. 713 


37080. 28 
37094. 24 
37175. 02 
37203. 13 
37250. 76 


a 4F4H-* 4 Gw 
a iFzxs 4 F5h 
a<PiH-? 4 D?*? 
a *F4H-« 4 F?h 
a iFix-t 4 D2h 


5 
6 


0.205 


0.922 


1.857 


(1. 235) 
(1. 330) 


0.986 
1.125 




1 
10 

6 
20 

1 


2682. 524 
2682. 129 
2679. 880 
2679. 015 
2678. 30 


37267. 27 
37272. 76 
37304. 03 
37316. 08 
37326. 


a*F 2 H-* 4 D3H 

a^Fix-tiGlx 
a<FiH-z 2 P°H 
a*F2K-s i ¥\y 3 
a 4 Po^-g 4 D6^ 


5 


0.593 


0.292 


1.922 


1.032 


0.439 




3 

4 


2676. 952 
2674. 694 


37344. 84 
37376. 36 


a 4 Pi^-(7 4 D2M 
a 4 F 3 H-< 4 G2H 
















2 

2c 

5 


2673. 332 

2671. 447 
2670. 524 


37395. 40 

37421. 78 
37434. 72 


fa 4 F2H~w 2 G3K 
WGix-riGhA 
a *D3H-4692^ 
a *D3K~ « 4 F§k 
















1 
40r 

8 

3 
40r 


2669. 512 
2668. 283 
2661. 852 
2661. 124 
2657. 613 


37448. 91 
37466. 16 
37556. 67 
37566. 95 
37616. 57 


a*P2H-P 4 r% 

a 4 F3H~ s 4 F§v$ 
a *F 4 H-r 4 FIh 
a 4 Fi^-w 4 Pi^ 
a 4F4H-* 4 G!^ 


6 
6 


0.138 
0.108 


0.484 
0.402 


1. 132* 


(1. 235) 
(1. 330) 


1.097 
1.222 




10 

8 
607? 

2 

6 


2656. 984 
2655. 695 
2654. 446 
2654. 242 
2653. 476 


37625. 48 
37643. 74 
37661. 45 
37664. 34 
37675. 22 


a2G4^-f 2 H^ 
a*G3x-r*Gly 2 
a 4 F2>$— 5 4 FIh 
a 4 F4^-<? 2 Flx 


6 
6 








1.04 
0.996 


(1. 10) 
(1. 029) 


0.98 
0.964 




10 
8 
2 
3 
1 


2653. 372 
2652. 944 
2652. 335 
2650. 568 
2650. 001 


37676. 69 
37682. 77 
37691.42 
37716. 55 
37724. 62 


a 4 F4H~* 4 Gfo 
a 2 G3^-« ^m 
a *Fix-v 2Hfo 
a 2 G3H— o 4 F2>* 
a 4 Pi^— P 4 F2H 
















50r 
3 

2c 
1 


2649. 515 
2648. 223 
2647. 500 
2644. 449 
2642. 87 


37731. 54 
37749. 94 
37760. 25 
37803. 81 
37826. 4 


a *Fz^-t 4 G3H 
a 4 F4^-5 4 G§^ 
a 4 FiH-s 4 FiH 
a 6D 4 ^-< 4 D§h 
a 2G4H-Z mix 


6 
6 


0.155 


0.459 



1.142 
0.424 


1.219 
(0. 401) 


1.064 
0.447 




4 

20 
2 
1 
1 


2641. 923 

2640. 918 
2640. 825 
2639. 39 
2635. 985 


37839. 96 

37854. 36 
37855.69 
37876. 3 
37925. 15 


(a«T>2y 3 -r 2F§h 
\a 4 F2H-* 2 G3H 
a 4 F3^-« 4 FIh 
a 4 F3^-4002%4 
a 4 D 2 ^-469^ 
a 4 F3H~s 4 G!k 


4 




Oh 


0.869 


(1. 235) 


1.102 




1 

10 

1 

2 

20 


2635. 512 
2634. 704 
2634. 493 
2633. 981 
2628. 493 


37932.00 
37943. 63 
37946. 67 
37954.05 
38033. 28 


a6D4^-w 2 G§^ 
a 4 F 2 ^-f 4 G2ju 
a 2G4H-^ 4 D§^ 
a 4 Do^-w 4 Dih 
a 4 F 2 H-s 4 F3^ 


6 
5 







0.815 
1.182 


(1. 029) 
(1. 029) 


0.601 
1.097 




60 
3 

25 
4 

7 


2627. 435 
2626. 472 
2623. 507 
2622. 804 
2622. 003 


38048. 60 

38062. 55 

38105. 56 
38115. 78 
38127. 42 


a 4 F4^-r 4 FIh 

a 4 Fih-« 4 FIm 
a 4 F4M-s 4 G4^ 
a 2G 3 h-« 2 H4H 


6 


0.073 


0.269 


1.293 


1.330 


1.257 
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Table 


4. — First spectrum of columbium (Cb i) — Continued 




Intensity 
Arc 


X air A 


Wave 
No. 
vac. 
cm- 1 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
V 


Strong- 
est 
n 


01 


92 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


8 
lc 
4 
30 
3 


2620. 585 
2618. 178 
2617.046 
2616. 476 
2614. 444 


38148. 05 
38183. 12 
38199. 63 
38207. 95 
38237. 65 


a*D3^— o^va 
a 2G4H-0 'GSh 
a 4 F3>*— r 4 F3« 


6 


0.109 


0.322 


1.182 


1.236 


1.127 


15 
1 

20 
1 
6 


2612. 377 
2612.028 
2610. 268 
2609.118 
2608. 836 


38267. 90 
38273. 01 
38298. 82 
38315. 70 
38319. 84 


a 4 F3M~* 4 G?h 
a 2 F3H-w 2 G4H 
a *Fjm-« *Qhi 
a 4 F3>*— <7 2 F3}i 
a 4 F3K— s TO** 


76,4 

5 








1.220 
1.229 


(1. 235) 
(1. 029) 


1.230 
1.086 


1 

6 

8 
7 
3 


2604. 225 
2603. 306 
2602. Oil 
2601. 832 
2601. 597 


38387. 68 
38401. 23 
38420. 34 
38422. 98 
38426. 45 


a <Fih-< 4 G?h 
a 4 F3H-« 4 G3^ 

a <F2M-4002H 














10 
4 
4 

50 
5 


2597. 138 
2594. 685 
2592.911 
2592. 190 
2589. 264 


38492. 43 
38528. 81 
38555. 17 
38565. 89 
38G09. 47 


a 4 F2^-s 4 G2H 
a 4 F4H-s 4 G5H 


6 
4 







0.979 
0.982 


(1.029) 
(1. 330) 


0.929 
1.267 


1 
8 

15 
7 

50 


2588. 36 
2583. 219 
2583. 103 
2581. 194 
2578. 734 


38622. 9 
38699. 82 
38701. 56 
38730. 18 
38767. 12 


a 4 F2^-r 4 F?h 
a 4 F 3 H-r 4 Fta 
a2Q 3H - 2G§ H 
a 6 Doj^— «0*Poh 
a *F3>*-$ 4 G1h 


6 
7ft, 5 







0.898 
1.244 


(0.885) 
(1. 235) 


0.911 

1.238 


8 
4 

7 


2578. 203 
2578. 086 
2576. 592 
2572. 80 
2572. 099 


38775. 10 
38776. 87 
38799. 35 
38856. 5 
38867. 12 


a 4 F 2 «-r 4 F^ 

a 4 F3j4-s 4 E>3H 
a6D 2 ^-5 4 F^? 
a «Fih-400& 














7 
6 
20 
20 
3 


2571.054 
2570. 782 
2569.030 
2567. 510 
2567. 281 


38882. 91 
38887. 03 
38913. 55 
38936. 58 
38940. 05 


a <F2H-9 2 Ffo 
a 4 F2H~ s 4 D23.$ 
a 2G4H-0 2 <3lx 
a 4 FiH--s 4 G^ 
a 4 P2^— o 4 D2h 


76,6 
5 


0.513 





1.104 
1.689 


(1. 103) 
0.407 


1.105 
0.920 


30 
8 
4 

1 
20 


2565. 410 
2564. 735 
2564. 265 
2559. 05 
2558. 936 


38968. 45 
38978. 71 
38985. 85 
39065. 29 
39067. 03 


a 4 F2K-s 4 Gfo 

a 4 F3H-411fo 
a 4 Po*-0 2 Pfo 
a 4 Ffo-r 4 F5h 


5 
5 


0.508 




0.258 


1.216 
1.634 


(1.029) 
0.364 


1.082 
0.872 


2 
4 
3 

12 
3 


2558. 835 
2557. 41 
2555. 107 
2554. 103 
2553. 752 


39068. 57 
39090. 3 
39125. 57 
39140. 95 
39146. 33 


a 4 F4H~? 4 F?^ 
a 4 F4*-s 2 GIh 
a 4 F4>i-g 4 FIh 














2 
7 
2 
10 
3 


2550.878 
2549. 904 
2544. 723 
2543. 980 
2543. 252 


39190. 43 
39205. 40 
39285. 22 
39296. 69 
39307. 94 


a 6D3H-* *G§h 
a 4 P2^-o 4 D3!^ 














1 
5 
2 

1 
1 


2542.925 
2541.972 
2541. 704 
2539. 464 
2539. 128 


39313. 00 
39327. 73 
39331. 88 
39366. 57 
39371. 78 


a6D3H-* 4 FlH? 

a 4 P 2 h-to 2 FSk 
a 4 F2H-* 4 F>3^ 
a«D4x-<«G4K 














6 

1 
4 

10 

7 


2538. 055 
2535. 259 
2527. 277 

2524. 985 

2524. 006 


39388. 42 
39431. 86 
39556. 39 

39592. 29 

39607. 65 


a 4 F4H-r 2 QSk 
a6D4^-* 4 GS>* 

fa 4 Fih-9 2 F2H 
\a 4 F3}*-? 4 F2^ 
a 4 Pij*-o 4 D2H 


5 




-- 


1.296 


(0. 402) 


0.760 


3 
2 
10 
2 
1 


2521. 924 
2521. 880 
2520. 507 
2519.018 
2516. 878 


39640. 34 
39641. 04 
39662. 63 
39686.07 
39719.81 


a 4 PiH-o*DiH 

a mM-n 2 Gfo 
a 4 F3H-2 'FJj* 


• 
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Table 4. — First spectrum of columbium (Cb i) — Continued 



Intensity 
Arc 


XairA 


Wave 
No. 
vac. 

cm- 1 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
P 


Strong- 
est 
n 


Q\ 


91 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


4 
3 

1 
2 
3 


2515. 775 
2514. 784 
2514. 750 
2513. 273 
2511. 573 


39737. 22 

39752. 88 

39753. 42 
39776. 78 
39803. 70 


a 4P 2 h-P 2 G.^? 
a 6 D^-r*F4H 














6 

30 
4 
2 
2 


2507. 134 
2504. 648 
2502. 944 
2499. 282 
2497. 464 


39874. 17 
39913. 74 
39940. 91 
39999. 43 
40028. 55 


a 4 F 2 >*— 414fo 
a 4 F4^-r 4 D§^ 

a 4 Pi^-to *FIj$ 
a 4F2H-4162H 


4 




w 


1.12 


(1.33) 


1.39 


3 
2 

1 
8 
15 


2494. 801 
2489. 112 
2479. 351 

2476. 478 
2474. 655 


40071. 27 
40162. 85 
40320. 95 
40367. 73 
40397. 47 


a 4 F3>$— 5 2 D2H 
a6D 4 K-5 4 G5^ 
a*Fix-p4FhA 
a 4 F4H-r 4 D2M 


4 







0.698 


(1. 235) 


1.450 


2 
25 
1 
3 
20 


2473. 752 
2469. 072 
2468.064 
2467. 630 
2466. 727 


40412. 21 

40488. 80 
40505. 34 
40512. 46 
40527. 29 


a 4 Fi^-g 4 FiH 
a *F 3 y a -q 4 Di^ 
a 4 P2^— r 4 G§H 

a 4 F4H-? 4 F>3H 














10 
2 

10 
5 

20 


2466. 318 
2465. 709 
2464. 432 
2463. 631 
2462.889 


40534. 02 

40544. 02 

40565. 03 
40578. 22 
40590. 44 


a 4 Fi^-r 4 DoH 
a 4 P2>s— n 4 FIk 
a 4 F3j^— r 4 D§H 

a 4 F4>$— p 4 F4H 


6 






1.259 


(1. 330) 


1.188 


10 
5 
1 
3 
2 


2461. 757 
2458. 575 
2456. 83 
2455. 872 
2454. 163 


40609. 11 
40661. 66 
40690. 5 
40706. 41 
40734. 75 


a 4 F4^-p 4 D§K 

a 6D 2 h-w 2 Pih? 
a*F\y 2 -v*Fly 2 
a *Fzy 3 —o 2 F2H 














20 

20 
4 
10 

1 


2453. 367 

2453. 084 
2447. 413 
2446. 130 
2445. 913 


40747. 97 

40752 67 
40847. 09 
40868. 51 
40872. 14 


fa«D 2 H-411§K 

\a*Fiy 3 -niFUi 
a 4 F2^— r 4 DiH 
a 4 P2^-w 4 D 2 ^ 
a 4 F 3 H-p 4 F 2 M 
a 4 Pi^— o 4 Fi^ 














20 
8 
2 
5 
3 


2445. 066 
2443. 529 
2441. 021 
2440. 392 
2439. 715 


40886. 30 
40912. 01 
40954. 04 
40964. 60 
40975. 97 


a 4 F2j^— ff 4 Df^ 

a 4 P2^-4692^ 
a 4 F2^-r 4 D2H 














2 
3 
9 
10 
6 


2439. 445 
2437. 924 
2437. 161 
2436. 329 
2434. 962 


40980. 50 
41006. 07 
41018. 90 
41032. 90 
41055. 95 


a 4 Poj^— rc 4 DoH 
a iPox-v 2p§ M 
a 4 F 3 ^-p 4 F§H 
a 4 F3j^— p 4 D^ 
a i F2x~Q 4 E>2H 














4 


2434. 878 


41057. 36 


a i P2H~ o 4 F§h 














1 

10 
2 
3 
3 


2434. 310 
2433. 680 
243a 442 

2428. 848 
2428. 096 


41066. 94 
41077. 59 
41132. 29 
41159. 28 
41172.03 


a 4 Pij4-w 4 D!h 
a 4 F2H-r 4 F>3K 
a 4 Poh-o 4 F!h 














3 

1 
9 
3 
5 


2428. 047 
2427. 714 
2427. 536 
2427. 105 
2426. 957 


41172. 86 
41178. 51 
41181. 52 
41188. 84 
41191. 35 


a 4 F3H~? 4 D^ 
a 4 FiH-? 4 D§^ 
a 4 F3^— n 2 F2^ 














5 
4 
3 
2 


2426. 637 
2425. 741 
2423. 996 
2422. 900 
2420. 461 


41196. 78 
41212. 00 
41241. 66 
41260. 32 
41301. 89 


a 4 Fi^-r 4 Dfo 
a 4 Pi^-7i 4 F2h 
a 4 F 3 ^-p 4 F|^ 
a 4 F 3 H-p 4 D§H 
a 4 F2^— o 2 F2H 
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Table 


4. — First spectrum of columbium (Cb i) — Continued 




Intensity 
Arc 


X air A 


Wave 
No. 
vac. 
cm -1 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
V 


Strong- 
est 
n 


0i 


92 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


7 
5c 
6 
4 
3 


2420. 144 
2419. 976 
2419. 804 
2418. 792 
2418. 490 


41307. 30 
41310. 16 
41313.10 
41330. 38 
41335. 55 


a 4 F2H-p 4 Fi^ 

a 4 1 J 2^ — 7l 4 D§3^ 

o 4 F2m;-p 4 Dih 
a 4 FiH-g 4 Di^ 














2c 

7 

5 

3ft 

2 


2414. 762 
2414. 206 
2412. 645 
2410. 792 
2408. 056 


41399.35 
41408. 89 
41435. 68 
41467. 53 
41514.64 


a 4 F3^-n 2F§^ 
a 4 Fi^-r 4 D2w; 
a 4 F 2 H-p 4 F2^ 

a 4 PiH-^ 4 D2^ 














10 
4 
4 
8c 

3 


2406. 942 
2403. 918 
2403. 107 
2402. 339 

2401. 873 


41533. 85 
41586.09 
41600. 12 
41613. 42 

41621. 49 


a 4 F2,^— P 4 Fsh 
a 4 F2^-p 4 D2H 

faODsH-s 2 F>2« 
\o 4 Pik-4692^ 














5 
5 
2 
4 
5 


2400. 910 
2399. 718 
2395. 851 
2394. 395 
2394. 058 


41638. 19 
41658. 87 
41726. 10 
41751.47 
41757. 35 


a 4 Fi>$— p'DIk 
a 4 F3H~ Q 2 Ofa 
a 4 FiH-p 4 FiH 
a 4 FiH-p 4 F>iH 














4 

4 
3 

15 
3 


2390. 454 
2382. 246 
2373. 074 
2368. 860 
2368. 64 


41820. 30 
41964. 38 
42126. 56 
42201. 49 
42205. 41 
















1 

3 

bh 

Ah 

2 


2366. 715 
2365. 940 
2364. 325 
2363. 852 
2363. 716 


42239. 74 
42253. 57 
42282. 43 
42290. 89 
42293. 32 


a 4 Pih— 475ih 

a *D3H-rc 9 OXh 
a 4 F 2 H-tf 2 Gfo 














4 
3 
2 
3 
5 


2363. 062 
2362. 50 
2360. 794 
2359. 679 
2358. 134 


42305. 03 
42315. 1 
42345. 67 
42365. 67 
42393. 43 


a 4 F4H — u-HbA 
a6D4H-P 4 FS^ 














2 
9 

10 
6 
3 


2357. 910 
2354. 470 
2353. 80 
2353. 510 
2352. 131 


42397. 46 
42459. 39 
42471. 5 
42476. 71 
42501. 61 


a<5DiH-r 4 D2^ 
a 4 F 2 H-» 2 PiH 














2 

4 

6 

10c 
10c 


2352. 055 
2351. 677 
2350. 034 
2348. 756 
2347. 171 


42502. 99 
42509. 82 
42539. 54 
42562. 68 
42591. 42 


a6D4H-« 2 F§^ 
a 4 PoH-475I^ 














10c 
8c 

15c 
3 

10 


2346. 679 
2344. 640 
2344. 517 
2341. 152 
2340. 277 


42600. 34 
42637. 39 
42639. 63 
42700. 92 
42716. 87 


a 6 D3j4— <7 4 D3M 
a6D 3 ^-p 4 Fi^? 














8 
4 
2 
20c 

7 


2340. 149 
2338. 730 
2338. 38 
2337. 744 
2336. 410 


42719. 21 
42745. 12 
42751. 5 
42763.16 
42787. 57 


a 9 D3^-p 4 D3^ 
a 4 F3^— o 4 D2H 














10 
2 
5 
4 
3 


2333. 650 
2329. 543 
2328. 222 
2328. 077 
2326. 964 


42838. 16 
42913. 68 
42938. 03 
42940. 70 
42961. 24 


a 4 F4H-P 2 CHsH 

a6D 2 H-<7 4 F>3H 
a 2 G3H-fl 2 G4H 














4 

1 
3 
8 
4 


2324. 600 
2323. 959 
2323. 654 
2322. 992 
2321. 489 


43004. 93 
43016. 79 
43022. 43 
43034. 69 
43062. 54 


a 4 F3^— o 4 D!ta 
a 8 DjK— p*DSk 
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Intensity 
Arc 


XairA 


Wave 
No. 
vac. 
cm -1 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
P 


Strong- 
est 
n 


Q\ 


02 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


5 
3 

4 
7 
3 


2318. 432 
2316. 271 
2314. 359 
2311. 676 
2307. 759 


43119. 33 
43159. 55 
43195. 21 
43245. 33 
43318. 72 


c 4 F2^— o^Dlvi 














4 
3 
8 
6 
6 


2305. 975 
2305. 29 
2300. 854 
2300. 295 
2293. 274 


43352. 24 
43365. 12 
43448. 72 
43459. 27 
43592. 32 


a 4 F 2 ^-o 4 DiH 














5ft 

5ft 
4ft 
1 
2 
15 


2289. 840 
2287. 504 
2283. 377 
2280. 912 
2279. 414 
2277.426 


43657. 68 
43702. 26 
43781. 24 
43828. 55 
43857. 35 
43895. 63 


a*F3H-p 2 G 4 \<; 
a 4 F3>*-r 4 G2><; 














4c 
9c 
4 
4 
3 


2276. 223 
2274. 770 
2269. 653 
2269. 535 
2268. 59 


43918. 83 
43946. 88 
44045. 95 
44048. 24 
44066. 6 


a *Fix-r iG\x 














2 
4 
3 

20 
160 


2265. 489 
2265. 217 
2264. 354 
2260. 854 
2257. 886 


44126. 89 
44132. 19 
44149. 01 
44217. 35 
44275. 47 


a *F4H-w 4 F^ 
a 4 F 2 >*-:P 2 G§>* 
a *F4K-* 2 HI^ 
a 4 F4*-o 4 F§^ 
a 4 F 4 >*-r 4 G^ 














6 
5 
150 
8 
2 


2256. 075 
2255. 791 
2254. 564 
2253. 802 
2252. 09 


44311. 01 
44316. 59 
44340. 70 
44355. 69 
44389. 4 


a 4 F3H-r 4 G§^ 
a 4 F 4 H-« 4 F5h 
a *Fz}4—n 4 F2>* 
a 4 F3Hi-o 4 F^ 














4c 

100c 

80 

8c 

90c 


2252. 51 
2250. 308 
2247. 997 
2246. 421 
2246. 176 


44400. 8 
44424. 56 
44470. 22 
44501. 42 
44506. 26 


a 4 F 2 ^-r 4 G2^ 
a 4 F4^-w 4 DlM 














20 
20 
8ft 
80c 
10 


2242. 958 
2242. 294 
2241. 855 
2238. 518 
2236. 22 


44570. 11 
44583. 31 
44592. 04 
44658. 51 
44704. 40 


a 4 F3>^— r 4 GI>5 
a 4 F2^-o 4 F!h 

a 4 F3^-7i 4 D2>i 














9 


2233. 172 


44765. 40 


a 4 F 3 h-4692H 














80c 

8 
30 
4 


2232. 545 

2231. 428 
2229. 65 
2228. 39 


44777. 97 

44800. 39 
44836. 11 
44861. 46 


[a 4 F 3 H-rc 4 F3H 
\a 4 F 2 H-rc 4 DiH 
a Wzx-t 2 H|^ 
a 4 Fi^— w 4 DSh 
a 4 Fi^-» 2pg^ 














100c 

150c 
10 
15 
50 


2228. 032 

2227. 706 
2227. 280 
2226. 927 
2225. 343 


44868. 69 

44875. 23 
44883. 82 
44890. 93 
44922. 88 


fa 4 FiH-r 4 G2H 
\a 4 F3^— o 4 F§^ 
a 4 F 4 h— o 4 FIh 
a 4 F2^— r 4 G§>^ 

a 4 F2H~ w 4 F!!k 














6 

60c 
70c 

3 
15 


2225. 235 
2223. 672 
2220. 184 
2218. 357 
2217. 872 


44925. 06 
44956. 62 
45027. 25 
45064. 33 
45074. 19 


a 4 Fo^— o 4 F^ 
a 4 Fi^-o 4 F!h 














30c 
40c 
50c 

7 

6 


2215. 54 
2214. 034 
2211. 46 
2210. 622 
2210. 442 


45121. 6 
45152. 31 
45204. 9 
45222. 00 
45225. 68 


a 4 F3^— n 4 JD3M 

a 4 FiH-w 4 Di^ 

a 4 F 2 ^— n 4 D2H 















Spectra of Columbium 
Table 4. — First spectrum of columbium (Cb i) — Continued 



571 



Intensity 
Arc 


X air A 


Wave 
No. 
vac. 

cm- 1 


Term combi- 
nation 


Zeeman 
type 


Separa- 
tion 


Strong- 
est 
V 


Strong- 
est 
n 


Vi 


02 


1 


2 


3 


4 


5 


6 


7 


7 


8 


10 


2 
12 
3 
3 
4 

3 

10 
8 

7 
4 

3 

8 
5 
5 


2205. 230 
2204. 617 
2203. 555 
2201. 916 
2200. 218 

2195. 83 
2193. 805 
2193.011 
2188. 944 
2178. 225 

2178. 07 
2175. 555 
2166. 77 
2161. 54 


45332. 56 
45345. 16 
45367. 01 
45400. 78 
45435. 81 

45526.-6 
45568. 61 
45585. 11 
45669. 80 
45894. 51 

45897. 8 
45950. 83 
46137. 1 
46248. 7 


a<F 2 ^-4692M 
a 4 F2>*— Ti<F§H 
a 4 Fi>*— n *FIh 
« 4 Fih-o*F2^ 
a^Fs^— o 4 Fs>$ 

a*F3>i-o 4 FI^ 
a*Fi^-7i 4 D2H 

a*FjK-475fo 















Of particular interest is the large number of intersystem transitions, 
doublet-quartet combinations being second in abundance only to 
quartet-quartet. As in V i [7] doublet-sextet combinations appear 
in Cb i, but more abundantly. These latter include the transition 
a 6 D— z 2 G°, a conspicuous five-line multiplet, all lines of which show 
fully resolved Zeeman patterns. The wavelengths are 3867.918, 
3815.507, 3803.879, 3771.848, and 3753.171 A. See figures 1 and 2. 



Table 5. — Distribution of classified Cb i lines 



Item 



Lines in table 4 

Classified lines 

Level transitions 

Sextet-sextet transitions 

Quartet-quartet transitions 

Doublet-doublet transitions 

Quartet-sextet transitions 

Doublet-quartet transitions 

Doublet-sextet transitions 

Transitions involving one unassigned level 

Lines classified two ways 

Lines classified three ways 

Zeeman patterns measured 

Zeeman patterns interpreted 



Number 



3,313 

2,836 

3,035 

137 

1,276 

. 405 

253 

814 

57 

92 

191 

3 

911 

815 



Percent- 
age of 
total 

number 



Percent 



4.5 
42.1 
13.3 

8.3 
26.8 

1.9 

3.0 



Percent- 
age of 
total 

intensity 



Percent 



2. TERMS OF THE Cb I SPECTRUM 

The established terms of Cb i, or energy states of neutral columbium, 
are described in table 6, which is prepared according to the same plan 
as table 2 for Cb n. All level values are relative to 4cZ 4 5s a 6 D ^= 0.00. 
The total number of levels is 364, comprising 103 belonging to 58 
doublets, 197 which make up 55 quartets, 56 which are associated 
with 13 sextets, and 8 unassigned levels. Levels associated with 
almost all terms come in regular order, that is, those of highest j- value 
are highest. There are five inverted doublets and five partially 
inverted quartets. Fifteen terms are incomplete. Instances of 

644098—45 7 
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good agreement with the interval rule are in the minority. This is to 
be expected in the spectrum of an atom with a moderately heavy 
nucleus with level separations large enough that most terms overlap, 
a situation which leads to mutual perturbation and displacement of 
levels of the same j-value associated with sharing of (7-values. 
Attention is called to a few noteworthy instances of such perturbation. 
Levels a 2 Pi^,and a 2 J) x y 2 have ^-values 1.175 and 0.953 as compared 
with Lande g's, 1.333 and 0.800, respectively. The sums are almost 
identical, 2.128 and 2.133. Levels a 2 F y 2 and a 2 D 2 ^ have nearly 
Lande ^-values. The levels of ^-values 2%, 3%, and 4% belonging to 
a 4 G and b 4 F perturb one another to such an extent that it is difficult 
to distinguish between them on the basis of combinations or ^-values 
although there is no doubt that these levels comprise the terms in 
question. The levels b 4 F X ^ and a 4 G 5 ^ being unique values are not so 
affected and again show nearly Lande g's. A very marked perturba- 
tion occurs in the levels x 6 Doh an d y 4 Do^> the #- values being 2.441 
and 1.141, respectively instead of 3.333 and 0.000 theoretically 
expected. It may be assumed that these levels originate in the same 
electron configuration. Hence x 6 D is assigned to d* p instead of 
d 3 sp, interchanging the assignment with y 6 D°, as given in the 
earlier paper [5]. The term formerly classified z 4 D° is now designated 
z 6 F°, with an additional level, j=4& found, but with the level of 
highest j missing. The g- values favor the new assignment, and there 
is no other possibility for this sextet, which is expected to show 
strong combinations. These are almost the only instances of changes 
in earlier assignments. In using the scheme of designating inter- 
mediate odd terms in ascending order by letters beginning with z, 
the discovery of a large number of new terms has necessitated a 
reassignment of such letters for identification. Relative level values 
as set up in the earlier publication have been retained. Calculations 
based on additional wavelength data indicate negligible corrections. 

Table 6. — Terms of the Cb 1 spectrum 



Electron 
configu- 
ration 


Term 
symbol 


Level 


Differ- 
ence 


Observed 



Combinations 












/z 6 S°, z 6 P°, y 6 P°, z 6 D°, y «D°, x «D°, z 8F°, 


2/«F°, 


d 4 s(»D) 


afiDo^ 
a 6 DiH 
a«D2>* 
a 6 D3^ 
a*F)iy t 


0.00 
154. 19 
391. 99 
695. 25 
1050. 26 


154. 19 
237. 80 
303. 26 
355. 01 


3.323 
1.863 
1.652 
1.582 
1.549 


Z 4S°, y 4S°, z 4 P°, y 4 P°, w 4 P°, z 4 D°, y 4 D°, 
x 4 D°, w 4 D°, v 4 D°,« 4 D°,r *D°,g 4 D°,p 4 D°, z 4 F° 
yi-po^ xi¥ o f wi -po t P 4F°, «4F°, r 4 F°, p 4 F°, 
z 4 G°, y 4 G°, x*G°, w*G°, v *G°, t*G°, s*G°, 

Z 4 U°, 2 2S°, Z2P°, y2p°, Z*V°, 2/2D , ^D°, 

«2D°, z 2 F°, r 2 F°, z2Q°, y*G°, w 2 G°, y 2H°, 












I 214°, 276°, 411°. 














(z 4 S°, y 4 S°, x 4 S°, z 4 P°, y 4 P°, x 4 P°, w 4 P°, 


z 4 D°, 












^D°,i 4 D> *D°,v 4D°,m *D°,^D°,5 4 D° 


,r*D°, 












q*T>°, p 4 D°, o 4 D°, n 4 D°, z 4 F°, y 4 F°, 


x*F°, 












w iY°, V iY° f U *F°, * 4 F°, s 4 F°, r 4 F°, 


g 4 F°, 












p 4 F°, p 4 F°, n 4 F°, z 4 G°, y 4 G°, x 4 G°, 


w 4 G°, 


<J3S2 


a*FiH 


1142. 79 


444. 11 
567. 21 
651. 25 


0.402 


v 4 G°, u 4 G°, t*G°,s 4 G°, z 4 H°, y 4 H°, x 4 H 


°, z 4 I°, 




a 4 F 2 ^ 


1586. 90 


1.029 


zf>S°, z«P°, y&F , z6D°, j/«D°, i«D°, 


z«F°, 




a 4 F3K 


2154. 11 


1.235 


y 6F°, y 2S°, z 2P°, y 2P°, x 2p°, w 2 P°, 


v 2 F°, 




a 4 F 4 >* 


2805. 36 


1.330 


z 2D , y 2D , x *D°, w 2D°, v 2D°, u 2D° 


Z 2 D°, 












s 2 D°, z 2F , y 2F°, w 2F°, o 2F°, u 2F°, s 2 F°, r 2 F°, 












q*F°, o*F°, n2F°, z 2G°, y *G°, x 2 G°, 


w>G°, 












v*G°, w2Q°, t^G°, s*G°, r2G°, p 2 G°, 


zm°, 












y 2H°, 3; 2H°, w; 2 H°, v 2 H°, * 2 H°, z 2 I° 


, V a I°, 












I, 214°, 276° 400°, 411°, 414°, 416°, 469°, 475°. 
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Term 
symbol 



a 4 Po* 
a*Pix 



a<Doj.$ 
a«Dix 
a*Dtn 



a 2 Gv$ 
a *Qm 



a 2Dj>* 



a 2 Po* 



a «S2H 



a 4 IL^ 
a 4 H<H 
a 4 H5>^ 
a 4 He>* 



a 4 G2j^ 
a <G 3 ^ 

a 4 G 5 * 



a 2 H 4 n 
a2Hsvi 



Level 



4998.17 
5297. 92 
5965. 45 



8410.90 
8705. 32 
9043.14 
9497. 52 



8827. 00 
9328. 88 



9439. 08 
10237. 51 



10126. 06 
11318.09 



10922. 74 
11044. 08 
11247. 88 
11524. 65 



12018. 25 
12136. 86 
12357. 70 
13012. 20 



12102. 12 
12502. 97 



Differ- 
ence 



299. 75 
667. 53 



294. 42 
337. 82 
454. 38 



501. 88 



798. 43 



1192. 03 



121.34 
203. 80 
276. 77 



118.61 
220. 84 
654. 50 



400. 85 



Observed 




2.050 
1.721 
1. 596 



0.06 
1.197 
1. 360 
1.420 



0. 885 
1.103 



0.953 
1.206 



0.66 
1.175 



0.690 
0.984 
1.12 
1.22 



0.742 
1.081 
1.23 
1.26 



0.93 
1.10 



Combinations 



( z <S°, y 4 S°, x 4 S°, w 4 S°, z 4 P°, y <P°, x <P°, w <P°, 
z «D°, y <D°, x <D°, w <D°, p 4 D°, u «D°, t 4 D°, 
s *D°, r 4 D°, q <D°, p <D°, o 4 I)°, n 4 D°, m 4 D°, 
2<F , yi?° t X *F°, w 4 F°, p<F°, u*F°, t*F°, 
r*F°, q*F°, p <F°, o 4 F°, n 4 F°, y <G°, w*G , 
p<G°, u*G°, s*Q°, r 4 G°, z 4 H°, y 4 H°, i'H°, 

Z 2S°, y2S°, Z 2P°, j/2pO t % 2 pO f w 2 p°, p 2p°, 
Z 2 D°, 2/ 2D°, X 2 D°, W 2D°, p 2D°, u 2D°, < 2 D°, 
Z 2F°, y2Y°, W 2 F°, t) 2F°, s 2 F°, r *F°, g 2 F°, 
m 2F°, z2Q°, y2G°, X 2 G°, w 2Qo > M 2 G °, 411°, 

414°, 416°, 469°, 475°. 

x 4 S°, 2 *P°, y *P°, a: <P°, w <P°, z *D°, y 4 D°, x 4 D°, 
ttMD , p 4 D°, zt*D°, ^D°, s 4 D°, ?* 4 D°, z 4 F°, 
y 4F°, *«F°, w 4 F°, p 4 F°, u*F°, t*F° t s*F° f 
r 4F°, q*F°, p*F°, o4F°, n 4 F°, z <G°, y <G°, 
i<G°, w<G°, v*G°, u<G°, z<H°, z«P°, y 8P°, 
z «D°, y «Do, x 6D°, z 0F° t y 6F°, z 2S°, y 2S°, z 2 P°, 
V *P° f X »P°, V 2 P°, z 2D°, y 2D°, x 2 D°, u? 2 D°, 
v »D°, w »D°, £ »D°, 5 2 d°, y 2F°, x 2F°, w 2 F°, 

p 2 F°, 3 2 F°, g2F°, Z 2G°, y 2Q°, V 2Q° f U *G°, 

w 2H°, 276°, 414°, 416°, 469° 




Z 2S°, y 2S°, Z 2P°, y 2po > x 2p°, M 2 pO f „ 2po ? z 2 D o 

y 2D°, x 2D°, «; 2d°, v »D°, tt »D° ( i *D°, y 2F°, 
x 2F°, w 2 F°, » 2F°, ci 2F°, s 2F°, r 3F°, q 2F°, p 2F°, 
o 2F°, n 2F°, 7w »F*, v 2G°, u 2Q°, 5 *G°, z 4 S°, y <S°, 
x <S°, «; <S°, z *P°, y <P°, x 4 P°, w 4 P°, y <D°, x <D°, 
«; *D°, P <D°, u <D°, « <D°, 3 *D°, p <D°, 4 D°, 
z <F°, w; <F°, t; «F°, m <F°, < <F°, s <F°, ? <F°, x <G°, 
w*G°,v <G°, u 4 G°, t*G°,s *G°, x 4 H°, z 6S°, y »P , 
z «D°, J «D°, 276°, 411°, 414°, 469°. 

(z 2 S°, z 2p°, y sp°, a: 2?°^ ^ 2po > v 2po f z 2D , y »D°, 
x 2D , to 2 D°, v 2D , w 2D , « 2D , s »D°, y 2F°, 
w 2 F°, » 2 F°, « 2F , s 2 F°, p j f°, 2 F°, n J F°, m 2 F°, 
x*S o ,z*~P o ,yiP ,x*P o ,w*P°,y i T> o ,x*D o ,iv<I> o , 
u <D°, < <D°, r <D°, z 4 F°, 2/ 4 F°, w 4 F°, D 4 F°, u 4 F° f 
1 4F°, r 4 F°, q 4 F°, P 4 G°, tt« G°, 1 4 G°, z 8S°, y «P°, 
z 0D°, y «F°, 469°. 

|- 2 epo^ y 6p°, y op , z 4 S°, y 4 P°, «; 4 P°, *D°, w 4 D°, 
\ x 4 G°, z 2p°, x 2 P°, y 2 D°, p 2F . 

w *D°, t <D°, s 4 D°, z <F , y 4 F°, x 4 F°, w 4 F°, p 4 F°, 
u 4 F°, t <F°, 3 <F°, r 4F°, 5 <F°, p 4 F°, z 4 G°, y 4 G°, 
x 4 G o ,WJ 4 G ,P 4 G o ,w 4 G o ^ 4 G ,s 4 G o ,r 4 G ,z4H°, 
y 4 H°, x *H°, z 4 I°, 1 2 D°, z 2F°, w 2 F°, p 2F°, u 2F°, 
s 2F°, r 2F°, p 2F°, n 2F , tP 2 G°, p 2 G°, w 2 G°, « 2 G°, 
3 2Q°, r 2G°, z 2 H°, y 2 H°, x 2H°, w 2 H°, p ! H°, 
z 2 P, y 21°, 400°, 416°. 

(x <P°, z 4 D°, y 4 D°, x <D°, tp *D°, p *D°, u 4 D°, 1 4 D°, 

g<D°,p4D°, z 4 F°,y4F ,x 4 F ,ip4F ,P 4 F°,M 4 F o , 
< *F°, s 4 F°, r 4F°, 9 4 F°, p 4 F°, 4 F°, n 4 F°, z 4 G°, 
y <G°, x 4 G°, «; <G°, p 4 G°, U <G°, « 4 G°, s *G°, 
r*G°, z4H ,y<H ,x 4 H°, z<I°, y 6D°,x«D , y<>F , 
x 2p°, tP 2 P°, z 2 D°, y 2 D°, x 2 D°, w 2 D°, p 2 D°, 
u 2 D°, z »F°. y 2 F°, w 2 F°, p 2 F°, u 2 F°, 3 2 F°, r 2 F°, 
q 2F°, 73 2F°, 2F°, z 2 G°, y 20°, w 2Q , p 2 G°, 
u 2 G°, / 2 G°, r 2 G°, q 2 G°, y 2 H°, x 2H°, to 2 H° 
p 2 H°, 1 2 H°, y 2 I°, 214°, 400°, 411°, 414°, 416°, 475° 
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Electron 
configu- 
ration 


Term 
symbol 


Level 


Differ- 
ence 


Observed 
9 


Combinations 












/z 4 P°, z 4 P°, w 4 P°, j/ 4 D°, x*T)°, 
m<D°, * 4 D°, 5 4 D°, r 4 D°, 0<D°, 
n 4 D°, z 4 F°, y 4 F°, x 4 F°, w 4 F°, 


w 4 D°, 
P 4 D°, 

?4F°, 


o 4 D°, 

^4F°, 


d* s ( 3 F) 










* 4 F°, s 4 F°, r 4 F°, g 4 F°, p 4 F°, 


o 4 F°, 


z4G°, 


6 4 Fi^ 


12288. 25 


403. 87 
290. 26 
163. 33 


0.402 


j/ 4 G°, z 4 G°, w 4 G°, p 4 G°, m«G° 


« 4 G°, 


$ 4 G°, 




6 4 F 2 h 


12692. 12 


0. 852 


/ z 4 H°, V 4 H°, x 4 H°, y <D , x 6D°, 


1/6F°, 


J/2S°, 




6 4 F 3 H 


12982. 38 


1.120 


\ y 2 F° t X 2Y°, z 2 D°, y2B°, »2D°, 


w 2 D°, 


<2D°, 




ft *F 4 ^ 


13145. 71 


1.224 


s 2 D°, z 2 F°, y 2F°, w 2 F°, v 2 F°, 


w 2 F°, 


«2F°, 












r 2 F°, q 2 F°, p 2 F°, n 2F°, m 2 F°, 


Z2Q°, 


w;2G°, 












v 2 G°, u 2 G °, 1 2 G°, r sq °, p 2G °, 


z2H°, 


ym°, 












x 2H°, w 2 H°, v 2H°, u 2 H°, 1 2 H°, y 2 I°, 276 


°, 400°, 












I 411°, 414°, 416°, 475°. 
















(x 2 F°, y 2 F>°, x^D°, io 2 D°, v 2 T)°, 


«2D°, 


< 2 D f 












* 2 D°, z 2 F°, y 2 F°, x 2 F°, w 2 F°, 


»2F°, 


« 2F°, 












t 2 F°, s 2 F°, r 2 F°, q 2 F°, p 2 F°, 


«2F°, 


w2F°, 












z2G°, y 2 G°,2;2G , w 2 G°, v 2 G°, 


W2Q° 


^2G°, 


d 3 s 2 


a 2 F 2 H 


13404. 77 


110. 43 


0.860 


s 2 G°, r 2 G°, o 2 G°, n 2 G°, wm° 


p2H°, 


« 2 H°, 




a*Fzn 


13515. 20 


1.130 


\ z 4 P°, y*T)°, x*T) t w 4 D°, y 4 D°, 


tt*D° 


« 4 D°, 












s 4 D°, r 4 D°, p 4 D°, o 4 D°, x 4 F°, 


w 4 F° 


*MF°, 












w 4 F°, * 4 F°, p 4 F°, e 4 F°, w*G°, 


4G°, 


wiQ°, 












£ 4 G°, s 4 G°, r 4 G°, x 4 H°, z 4 I°, 


2/ 6 D°, 


2;6D°, 












I 276°, 400°, 411°, 416°. 
















(z 4 S°, 2/ 4 S°, w 4 S°, y 4 P°, x *P°, w; 4 P° 


, J/ 4 D° 


ar4D°, 












w 4 D°, v 4 D°, w 4 D°, s 4 D°, r 4 D°, 


?*D°, 


o 4 D°, 


d 4 s ( 3 P) 


& 4 Po* 


13629. 15 


582. 15 
687. 96 


2.64 


n 4 D°, x*Y°, iv*F°, v*F°, w 4 F° 


, * 4 F°, 


r4F°, 




& 4 PiH 


14211.30 


1.71 


{ giY°, p*F°, 4 F°, 7l4F°, 5 4G°, 


r 4 G°, 


Z4H°, 




6 4 P 2 H 


14899. 26 


1.54 


z6S°, 2/ 6 D°, 3T6D°, y2S°, Z 2po > 


y 2 F°, 


a;2po, 












w 2 P°, fl 2 po f y; 2D°, v 2 D°, z 2 F 


°, 276° 


, 400°, 












[ 416°, 469°. 
















(z 4 S°, w 4 S°, y *P°, a: 4 P°, w 4 P°, y 4 D°, a: 4 D° 


,0 4 D°, 












u 4 D°, s 4 D°, r 4 D°, g 4 D°, p 4 D°, 


7l 4 D°, 


J/ 4 F°, 


d< s (3D) 


6 4 Do^ 


15460. 77 


-21.52 

27.83 

-184. 73 


0.04 


3; 4 F°, W 4 F°, » 4 F°, w 4 F°, f ^p , 


5 4 F°, 


r 4 F°, 




6 4 D W 


15439. 25 


1.21 


? 4po > P4FO, 4F°, y*G°, w*G° 


» 4 G°, 


t*G°, 




6 4 D 2 h 


15467. 08 


1.42 


\ s 4 G°, r 4 G°, z 4 H°, 2/6D , 2/ 2 S°, 


Z 2 P°, 


2/ 2 P°, 




6 4 D 3 * 


15282. 35 


1.43 


ar 2 po, w , 2 po ) ^2?°^ Z 2D°, 2/2D , 


t)2D°, 


Z2F°, 












g 2 F°, p2F°, m2F°, x 2 G°, t 2 G°, 


S2Q°, 


r2G°, 












{ 411°, 414°, 416°, 469°, 475°. 
















(w2F , r2F°, g 2 F°, p *F°, m 2 F°, 


z2G°, 


t/2G°, 












X 2 G°, W 2 G°, V 2G°, U 2G°, < 2QO j 


5 2G°, 


r2G°, 


d* s (3H) 


&2H 4 v<J 


16828. 52 


647. 70 


1.04 


p 20°^ 2G°, z 2H°, y 2H°, a: 2 H°, 


wm°, 


»2H°, 




& 2 H 5 ^ 


17476. 22 


1.01 


U 2 H°, ^ 2 H°, z 2 I°, # »P, ^ 4D°, y *I< 


o >a . 4F c 


,Z 4 F°, 












r 4 F°, g 4 F°, w 4 G°, » 4 G°, w 4 G°, 


* 4 G°, 


« 4 G°, 












2/ 4 H°, x 4 H°, 411°. 
















/w 2 D°, t 2 D°, » 2 f°, s 2 F°, r 2 F°, g 2 f° 


,p2F°, 


TO2F°, 












z2G°, y 2 G°, u 2 G°, t 2 G°, s 2 G°, 


r2G°, 


p2G°, 


d 4 s (3G) 


6 2 G 3 H 

& 2 G4M 


16918. 78 
18035. 97 


1117. 19 


0.88 
0.97 


o 2G°, z 2H°, y 2H°, x m°, w 2 B.° 
I z2l°, S 4D°, (?4D , p 4 D°, o 4 D°, 
^4F°, HF , r 4 F°, ?4F°, y*G°, 
v*G°, w«Q°, s 4 G°, r 4 G°, z 4 H°, 
, x 6D°, 411°, 416°. 

fj/2G°, m?2g°, «2G°, S 2g°, r2G°, 


vm°, 

x*F°, 
x*G°, 

y m°, 

o 2 G°, 


tm°, 

» 4 F°, 
w; 4 G°, 
y«D°, 

7l2G°, 




183 8 ^ 


18332. 04 






\ z 2H°, |/ 2H°, x 2 H°, w; 2 H°, v 2 H° 
I w 4 F°, 5 4 F°,a; 4 G , < 4 G°, r 4 G°. 


, Z 2 I°, 


» 4 F°, 


d3 5 p ( 6 F) 


z 6 Gf* 

2 6 G2H 

z°G^ 
z 6 GI^ 

2 6 G5H 


16672. 00 
16981. 01 
17303. 96 
17937. 26 
18435. 14 


309. 01 
322. 95 
633. 30 
497. 88 
441. 32 


0.00 


g6F. 








z 6 G§m 


18876. 46 










d 3 sp («F) 


z 6 F5h 


18791. 09 


245. 46 
391. 35 
488. 79 
515. 42 


-0. 373 










z 6 Fi^ 


19036. 65 


1.145 










Z«F2K 
Z6F§H 


19427. 90 
19916. 69 


1.35 
1.39 


a 6D, e 6D, e «F, a 4 P, a 4 D, a 4 F, a 2 G. 






z«FS>i 


20432. 11 


1.44 










z 6 F|^ 














# sp («F) 


zbBox 


19623. 96 


141. 22 

228. 60 
321. 96 
418. 14 


3.01 










z«Dlx 

Z 6 D2H 


19765. 15 
19993. 78 


1.72 
1.56 


a6D, e«F, a 4 P, a 4 D, a 4 F. 








Z«D3H 


20315. 74 


1.55 


, 








Z6Dfo 


20733. 88 


1.54 
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Electron 
configu- 
ration 



Term 
symbol 



Level 



Differ- 
ence 



Observed 



Combinations 



<J3 S p (3F) 
d 4 p («D) 

(J3 Sp (3F) 
<*3 sp (3E) 

d 4 p (3P) 

d 4 p (3P) 
d 4 p («D) 

d 4 p («D) 
d3 sp (sp) 

d 4 p (*D) 
d 4 p («D) 

d 4 p (5D) 

d 4 p (3H) 
d3 sp (c 3 P) 

ds sp (c 3 P) 

d3 sp (3F) 
d3 sp (3F) 

d 4 p (3P) 



Z 4 Do* 

z 4 D!x 

Z *Di4 

z 4 D& 

z 4 Pov* 
z 4 PI H 
Z 4 P2h 

z 4 G^ 
z 4 G§* 
z 4 G< ^ 
z 4 Gfo 

z 4 Fix 
z 4 F^ 
z 4 Ffo 
z 4 Ffo 

z 2D!h 
z 2 D2* 

z 2 S8>i 

J/ 6 Fo,4 
y "Ffo 
1/ 6 Ffo 
l/°Ffo 

y 6 Ffo 

2/ <>Ffo 
z°Pf>* 

Z 6 P3^ 

1/ 6 D5^ 
2/ 9 D!^ 
y*D e 2X 
y °D3^ 
2/ fl D4« 

y 4 FJhj 

y m* 
v 4 Ffo 
j/*F^ 

x fl Do>i 
z 6 Dfo 
a;«D2H 
z«D3>* 
x*Dix 

1/ 4 Doh 
I/ 4 Dih 
2/ 4 D 2 °* 

2 2 G3^ 

z2G5h 

J/ 4 Pk 
V 4 P!« 
V*PIk 

2761^ 

£ 4 Doh 
z 4 Dfo 

J 4 D2H 

z 4 Dsh 

Z 2F§>i 
Z 2 F^ 

0»G§h 

yZQlx 

z 2 Pfo 
z*Flx 

2*si« 



£0583. ££ 
£0837. 08 
21512. 18 

22006. 74 

23006. 86 
28684. U 

22647. 03 
23022. 56 
23536. 77 
24203. 05 

23243. 87 
23574. 14 
24015. 11 
24506. 53 

23525. 80 
24773. 03 

23910. 90 

23984. 87 
24104. 79 
24396. 80 
24769. 91 
25199. 81 



24283. 34 

24543. IS 

24904. 86 

25879. 81 

26067. 06 
26386. 86 
26832. 43 
27419. 62 

25930. 01 
26060. 65 
26165. 79 
26440. S3 

26552. 40 
26713. 32 
26983. 34 

27427. 07 
27974. 87 

26717. 73 
26936. 86 
27359. 70 
27596. 74 

26896. 68 
27331. 80 

27498. 94 
27782. 57 
28445. 33 

27614. 10 

27666. 46 
28079. 09 
28549. 42 



27797. 44 
28535.36 



27855. 13 
174 



16 
27918. 85 

28208. 48 



276. 2G 
454. 36 
674. 20 



1000.12 
677. 58 



375. 53 
514. 21 
666. 28 



330. 27 
440. 97 
491. 42 



1247. 23 



179. 92 
232. 01 
373. 11 
429. 90 
480. 55 



259. 79 
361. 73 



187. 25 
319. 30 
446. 07 
587. 19 



130. 64 
105. 14 
274. 54 



160. 92 
270. 02 
443. 73 
547. 80 



219. 13 
422. 84 
237. 04 



435. 12 



283. 63 
662. 76 



412. 63 
470. 33 
660. 00 



737. 92 

578. 61 

-523. 31 



-0.02 
1.26 
1.39 
1.44 

2.47 
1.61 
1.477 

0.578 
0.98 
1.15 
1.25 

0.416 
1.061 
1.243 
1.336 

0.898 
1.30 

2.123 

-0. G01 
1.060 
1. 306 
1.380 
1.427 
1.450 

2.382 
1.874 
1.703 

3.22 

1. 820 
1.010 
1.248 
1.422 

0.467 
1.085 
1.245 
1.334 

2.441 
1.45 
1.618 
1.567 
1.542 

1.141 

1.292 
1.32 
1.422 

1.013 
1.078 

2.467 
1.660 
1.606 

1.370 

0.222 
1.443 
1.472 
1.241 

1.16 
1.12 

0.92 
1.12 

0.772 
1.450 

1.794 



a 4 P, a 4 D, a 4 F, a 4 G, a «D, a 2 G. 



a 4 P, a 4 D, a 4 F, a «D, a 2 P, a 2D. 



a 4 D,a 4 F, b 4 F, a 4 G, a <H, a <T>, a 2 G. 



a 4 P, a 4 D, a 4 F, & 4 F, a 4 G, a 4 H, a ^D, a 2 P, a 2 d, 
a 2 G. 



>a 2 P, a 2 D, a 4 P, a 4 D, 6 4 D, a 4 F, b 4 F, a 4 G, a <>D. 
a 2 p, a 2D, a 4 P, a 4 D, a «D. 

a »S, a «D, e °D, a 4 D, a 4 F, 4 F, a 4 G, a 2 P, a 2 D. 
a «S, a «D, e «D, a 4 P, a 4 D, a 4 F. 



a 6D, e <*D, a 4 P, 6 4 P, a 4 D, b 4 D, a 4 F, b 4 F, a 2 F, 
" a 2 G,6 2G,o2H. 



4 P, a 4 D, b 4 D, a 4 F, 6 4 F, a 4 G, a *D, a 2p, a 2Q, 
a 2H, b 2 H. 



a CD, a 4 P, b 4 P, a 4 D, a 4 F, 6 4 F, a 4 G, a 2 D, b 2 G. 



a 4 P, 6 4 P, a 4 D, 6 4 D, a 4 F, 6 4 F, a 4 G, a 6 D, a 2 P, 
a 2 D, a 2 F, a 2 G. 

a 2 F, a 2 G, 6 2 G, 6 2 H, a 4 P, a 4 D, a 4 F, b 4 F, a 4 G, 



\a 2 F, a 
/ a6D. 



a 4 P, b 4 P, a 4 D, a 4 F, a «S, a 6D, a 2 P, a 2 D. 
b 4 P, a 4 D, 6 4 D, a 4 F, a 6D, a 2 D, a 2 F, a J G. 



a 4 P, 4 P, a 4 D, 6 4 D, a 4 F, 6 4 F, a 4 G, a »D, a 2 P, a 2 D , 
a 2 G. 



a 2 F, a 2 G, a 2 H, a 4 P, b 4 P, 4 D, b 4 D, a 4 F, 6 4 F, 
a 4 G, a6D. 

\a 2F, a 2Q, b 2 G, a 2 H, b 2 H, 183, a 4 P, a 4 D, a 4 F, a 4 G , 
/ a^D. 

]a 2 P, a 2 D, a 4 P, 4 P, a 4 D, 6 *D, a 4 F, a «S. a »D. 

a 4 P, 6 4 P, 6 4 D, a 4 F, a «S, a «D, a 2 D. 
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Electron 
configu- 
ration 



d 3 sp (5P) 
d 3 sp ( 3 G) 

d 4 p ( 3 H) 

rf 3 sp (3F) 
d* p ( 3 F) 

d 3 sp (sp) 
d 4 p OD) 

d 3 sp («F) 

d 3 sp (c 3 P) 
d 3 sp (iG) 

d 3 sp OG) 

d^p (iG) 

d 3 sp (5F) 

d 4 p ( 3 D) 

d 4 p (3Q) 

d 4 p ( 3 P) 

d 4 p ( 3 H) 

d 4 p ( 3 F) 

d 3 sp OP) 
d 4 p (3G) 



Term 
symbol 



2/°P2H 

2/ 6 P§h 

2 4 H5h 

z 4 Hl>* 
2 4 He^ 

2/ 4 G2H 
S/ 4 Gfo 
2/ 4 GI^ 
2/ 4 Gs^ 

X/ 2 Dfo 

2/ 2 D2H 

z 4 F! H 
•t 4 F^ 
z 4 F§^ 
X *Fl H 

2 6 S2M 

2/ 2 F^ 
# 2 F§x 

2: 4 G^ 

X 4 G§!^ 

z 4 GI H 

a: 2 F2^ 
* 2 F§ H 

x *Qki 

x 2 Glx 

W 2 F2Vi 

w 2 F§h 



F^ 

F§* 
F2* 

Ffo 
FSj* 
F§* 
FIh 

F!m 

F2^ 

F§* 

FSh 

Do^ 
Df* 

D!h 

if* 
Uh 

Q°2H 

■Q*m 

Qlx 

Dfo 
! Dfc 

Ei* 

F§* 



Level 



28278. 25 
28652. 66 
28973. 12 

29271. 99 
29519. 05 
29846. 50 
30191.25 

29359. 58 
29762. 70 
30117. 32 
30657. 60 

29622. 73 
29775. 80 

29779. U 
29987. 45 
30161. 56 
30279. 23 



30716. 50 
31025. 52 

31056. 60 
31485. 20 



32572. 72 
31174. 65 

31687~53 

31800. 74 
32213. 94 

31933. 68 
\58 



31551. 46 
32013. 40 
32333. 18 
32923. 87 

31707.94 
31807. 55 
31973. 24 
32605. 39 

31907. 74 
32139. 78 
32451. 99 
33136. SO 

32066. 06 



32545. 52 
33003. 89 

32156. 00 
32382. 24 
32672. 39 
33116. 36 



32501. S3 

32802. 44 
33428. 20 

32623. 02 



Differ- 
ence 



374. 41 
320. 46 



247. 06 
327. 25 
344. 75 



403.1? 
354. 62 
540. 28 



153. 07 



208. 01 
174. 11 
117. 67 



309. 02 



428.60 
519. 43 
568. 09 



153. 90 



461. 94 
319. 78 
590. 69 



99.61 
165. 69 
632. 15 



232. 04 
312. 21 
684. 31 



182. 63 
296. 83 
458. 37 



226. 24 
290. 15 
443. 97 



301. 11 
625. 76 



244. 60 



Observed 



1.981 
1.768 
1.701 

0.890 
1.01 
1.15 
1.23 

0.693 
0.999 
1.276 
1.25 

0.81 
1.348 

0.42 

1.006 
1.18 
1.20 



0.891 
1.139 

0.630 
1.012 
1.160 
1.24 

1.957 



1.20 

0.906 
1.092 

0.982 
1.074 

0.501 
1.01 
1.199 
1.24 

0.80 
1.048 
1.343 
1.216 

0.791 
1.035 
1.115 
1.240 

0.046 
1.184 
1.320 
1.341 

0.835 
0.993 
1.08 
1.19 



1.06 
1.21 

1.27 

1.00 



0.830 
1.17 



Combinations 



a «S, a «D, a 4 P, 6 4 P, a 4 D, a 4 F, a 2 D. 



a 4 P, 6 4 P, a 4 D, 6 4 D, a 4 F, 6 4 F, a 4 G, a 4 H, a ^D, 
a 2 G, 6 2 G. 



a 4 P, a 4 D, b 4 D, a 4 F, 6 4 F, a 4 G, a 4 H, a »D, a 2 G, 
6 2 G, am. 



\a 2 P, a 2 D, a 2 F, a 2 G, a 4 P, a 4 D f b 4 D, a 4 F. b 4 F, 
J a 4 G, a«S. 



a 4 P, 6 4 P, a 4 D, b 4 D, a 4 F, 6 4 F, a 4 G, a 4 H, 
a 2 F, a 2Q, b 2 G, a 2 H, 6 2 H. 



a «D, a 4 P, 6 4 P, a 4 F, a 2 P, a 2 D. 
}a 2 P, a 2 D, a 2 F, a 2 G, a 4 P, a 4 D, a <F, a 4 G. 



a 4 D, a 4 F, b 4 F, a 4 G, a 4 H, a «S, a ^D, a 2 D, 

b 2 G, 183. 



a 4 P, 6 4 P, a 4 F, a«D,a 2 D. 
}a 2 D, a 2 F, a 2 G, a 4 D. 

}a 2 F, a 2 G, 6 2 H, a 4 P, b 4 D, a 4 F, a 4 H. 

\a 2 P, a 2 D, a 2 F, a 2 G, a 2 H, 6 2 H, a 4 P, a 4 D, 
J 6 4 F, a 4 G, a 4 H. 



a 4 P, b 4 P, a 4 D, 6 4 D, a 4 F, 6 *F, a 4 G, a 4 H, 
a 2 P, a 2 D, a 2 F, a 2 Q, a 2 H. 



a 4 P, 6 4 P, a 4 D, 6 4 D, a 4 F, 6 4 F, a 4 G, a ^H, 
a 2 P, a 2 D, a 2 F, a 2 G, b 2 G, a 2 H, 183. 



a 4 P, 6 4 P, a 4 D, 6 4 D, a 4 F, b 4 F, a 4 G, a 4 H, 
a 2 D, a 2 F, a 2 G, b 2 G, a 2 H, 183. 



a 4 P, 6 4 P, a 4 D, 6 4 D, a 4 F, 6 4 F, a 4 G, a «D, 
a 2 Z>, a 2 F, a *G, a 2 H. 



■a 4 F, a 4 G, a 4 H, a 2 F, a 2 G, a 2 H. 



a 3D, 



a 2 G, 



a 4 F, 



a^D, 



a 2 P, 



a 2 P, 



a 4 P, a 4 D, 6 4 D, a 4 F, b 4 F, a 4 G, a 4 H, a «D, 

a 2 F, a 2 G, b 2 G, a 2 H. 



}a 2 P, a 2 D, a 2 F, a 4 P, a 4 D, a 4 F, a 4 G, a «D. 

2 P, a 2 D, a 2 F, a 2 G, 6 
6 4 F, a 4 G, a 4 H, a «S. 



|a 2 P u a 2 D A a 2 F^a 2 a & 2 G, a 2 H, a 4 P, a 4 D, 



a 2 D, 



o 4 F, 
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Electron 
configu- 
ration 



<# S p («F) 

d3 sp (iD) 
d3 sp (c *P) 
d3 sp (iH) 
d3 sp OH) 
d* p (»H) 
rf3 sp («p) 

d 4 p (3Q) 
d3 sp (6 3P) 

rf 3 S p (C 3P) 

d3 sp OD) 

d3sp(&3P) 

d 4 p (3Q) 
d 4 p (3F) 
d 4 p (3F) 

rf3 sp (3Q) 

d 4 p GO) 

d3 sp («P) 
d 4 p (3H) 

d3 «p (3Q) 

d 4 p (3D) 
d 4 p (c 3 F) 

d 4 p (3F) 



Term 
symbol 



v 4 Do^ 
e »D?h 

» 4 D^ 
4 D§h 

to 2 D^ 

W 2 D°2H 

y 2 Po'^ 

2/ 2 PiM 

2 2 I^ 

z *IIh 

W 2 G3>i 

10 2 G?>$ 

2 2HIv< 
z 2 H^ 

:r 4 Poh 

v *Q!h 

4 G§h 
fl 4 Gfo 
» 4 G^ 

tf 2 Dfo 

tf 2 D2^ 

2/ 2 S3x 

tt*FaK 
w 2 F§h 

z 4 Si M 

i/ 2 n^ 
y*mx 

w 2 Dfo 
w 2 D5>$ 

ti 4 D5>* 
u *D°m 
u *T>hi 

v 2 Gfo 
v 2 G?>i 

* 2 Hfo 
* 2 Hfo 

w 4 Sih 

9 4 Hfo 
y 4 H3* 
V 4 H$* 

y 4 H§ H 

< 2 F2* 
* 2 F& 

« 2 F5h 
* 2 F§>i 

* 4 Ffo 
* 4 Ffo 

« 4 F§^ 
1 4 Fi4 

W 4 G2H 

w 4 G§h 
tt 4 Gfo 
u 4 Gfo 



Level 



33011.45 
33717. 01 
33872. 18 
34168. 94 

33086. 98 
33389. 87 



'.24 
34252. 96 

34004. 08 

34323. 20 

34319. 09 
34235. 04 

34415.52 
34838. S3 

34644. 22 
34867. 68 
34703. 70 

34654. 79 
34853. 50 
35156. 94 
35630. 62 

34752. 70 
35497. 48 

34807. 57 

35099. 86 
35178. 82 

35119.65 

35496. 39 
35344. 86 

35829. 46 
35928. 35 

35920. 45 
36016. 26 
36180. 13 

36334. 21 

36048. 10 
36333. 70 



36275. 77 

36371. 05 

S646O. 34 
36717. 11 
36976. 10 
37254. 41 

S66U~49 



36979. 20 

37111.67 

37286. 62 

37539. 67 

37831. 68 

37188.28 
37343. 50 

37523. 63 
37760. 60 



Differ- 
ence 



705. 56 
155.17 
296. 76 



302. 89 
350. 72 
319.12 
-84.05 
422. 81 



223. 46 
-163.98 



198. 71 
303. 44 
473. 68 



744. 78 



-151.53 



95.81 
163. 87 
154. 08 



285. 60 



256. 77 
258. 99 
278. 31 



112. 60 



174. 95 
253. 05 
291. 91 



155. 22 
180. 03 
237. 07 



Observed 
(J 



0.46 
1.230 
1.350 
1.390 

1.058 
1.212 



0. 946 
1.08 

0.87 
1.10 

0.819 
1.01 

2.05 

1. 587 
1.55 

0.627 
1. 000 
1.073 
1.160 

0.948 
1. 160 



0.868 
1.117 

1.806 

0.954 
1.125 

0.834 
1.17 

0.019 
1.195 
1.316 
1.378 

0.925 
1.086 



1.14 

1.948 

0.691 
0.970 
1.15 
1.23 



0.846 
1.14 

0.526 

0. 964 
1.172 

1. 260 

0.840 
1.058 
1.190 
1.25 



Combinations 



a 4 P, 6 4 P, a 4 D, ft 4 D, a 4 F, ft 4 F, a 4 G, a «D, a 2 D, 
a 2 F, a 2 G, a 2 H. 



\a 2 P, a 2 D, a 2 F, a 4 P, b 4 P, c 4 D, a 4 F, a 4 G. 
}a 2 P, a 2 D, a 4 P, b 4 P, a 4 D, b 4 D, a 4 F, b 4 F. 

]a 2 G, b 2 G, a 2 H, b 2 H, 183, a 4 F, a 4 H. 

\a 2 F, a 2 G, a 2 H, 6 2 H, 183, a 4 P, a 4 F, ft 4 F, a 4 G, 
J a 4 H, a6D. 

}a 2 G, b 2 G, a 2 H, b 2 H, 183, a 4 F, b 4 F, a 4 G, a 4 H . 

a 4 P, b 4 P, a 4 D, b 4 D, a 4 F, 6 4 F, a 4 G, a 2 P, o-D, 
a 2 F. 



a 4 P, a 4 D, b 4 D, a 4 F, ft 4 F, a 4 G, a 4 H, a 2 P, a 2 D, 
2 F, a 2 G, ft 2 G, a 2 H, ft 2 H. 



a 2 P, a 2 D, a 2 F, a 2 G, a 4 P, ft 4 P, a 4 D, 6 4 D, a 4 F, 
' ft 4 F. 

a 2 D, a 4 P, ft 4 P, a 4 D, 6 4 D, a 4 F, ft 4 F. 

\o 2 P, a 2 D, a 2 F, a 2 G, a 2 H, a 4 P, a 4 D, ft 4 D, a 4 F, 
/ 6 4 F, a 4 G, a 4 H. 

a 4 P, a 4 D, a*F, a 2 D. 

\a 2 G, 6 2 G, a 2 H, b 2 H, 183, a 4 F, ft 4 F, a 4 G, o 4 H, 
/ a CD. 

a 2 P, a 2 D, a 2 F, a 2 G, 6 2 G, a 4 P, a 4 D, a 4 F, ft 4 F, 



\a 2 P, a 
} a 4 G 



a; 4 P, ft *P, 4 D, 6 4 D, a 4 F, 6 4 F, a 4 G, a 4 H, a *S f 
a 2 P, a 2 D, a 2 F. 



a 2 D, a 2 F, a 2 G, a 2 H, 6 2 H, a 4 P, 6 4 P, a 4 D, ft 4 D, 
r a 4 F, ft 4 F, a 4 G, a 4 H. 

a 2 G, 6 2Q, a 2 H, 6 2 H, 183, a 4 F, 6 4 F, a 4 G, a 4 H. 



4 P, 6 4 P, 6 4 D, a 2 D. 
a 4 P, a 4 F, 6 *F, a 4 G, a 4 H, a 2 G, ft 2 G, a 2 H, ft 2 H. 



2 F, a 2 G. 



\a 2 P, a 2 D, a 2 F, a 2 G, ft 2 G, a 4 P, a 4 D, a 4 F, 6 4 F, 
/ (1*0,(1 4 H. 



a 4 P, a 4 D, ft 4 D, a 4 F, ft 4 F, a 4 G, a 4 1I, a 2 P, a 2 D, 
a 2 F, a 2 G, ft 2 G, a 2 H, 6 2 H. 



a 4 P, a 4 D, a 4 F, b 4 F, a 4 G, a 4 H, a 3P, a 2 D, a 2 F, 
a 2 G, ft 2 G, a 2 H, ft 2 H, 183. 
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Electron 
configu- 
ration 



d* 8 («D) 

d 4 p (3D) 

d 4 p (3Q) 

d 4 p («F) 
d3 sp (3D) 

d 4 p (3D) 
d 4 p (3H) 
d 3 sp (iQ) 
d 4 p (3D) 

d 3 sn (3Q) 

d 3 5 p (3H) 

& sp (d »F) 

d 3 sp ( 3 G) 

d 4 p (il) 
d 3 sp (3D) 

d3 sp (iF) 
d 4 p (c »F) 

d3 sp (3H) 



Term 
symbol 



e «Doh 

e «Dih 

c 6 D2J^ 
C 6 D3J^ 

e 6 D^ 

* 4 D^ 
« 4 D 2 °m 

* 4 D§>< 

x 4 H.^ 
z 4 Hfo 

x*mx 

r2F^ 
r 2 F§^ 

* 2 DJ* 

e 2 ds>* 

<J«Fo^ 
e<>FiH 

C6F2H 

e 6 F 3 >4 
« fl F 4 H 
6 6 F 5 k 

a; 2 Pfo 
z 2 Pik 

y 2 i§H 

w 2 HI>i 
W 2 Kix 

w 4 Po;^ 
w 4 P!h 
10 4 P5^ 

s 4 F? 4 
5 4 F^ 
s 4 F.§h 
s 4 FI^ 

» 2 GIh 
m 2 Gfo 

* 2 G.§* 
1 2 G!>* 

£ 4 G5v^ 
« *Ghi 

t*Glx 

vmtx 

r *F!h 
r 4 F§H 
r 4 FI H 

400 2 9 « 

? 2 F2H 

? 2 F§m 

s 4 D5>* 
s 4 D?* 
s'DSh 
5 4 D§h 

8 «G3* 
s 4 G§h 
* 4 G!h 

9 4 GS>* 



Level 



37410. 17 
37578. 72 
37842. 36 
38177. 65 
38567. 85 



56 
87954. 99 
S8393. 49 
8885^. 14 

87621 58 
37866. 06 
88148. 76 
88518. 85 

37814. H 
38231. 85 

37865. 42 



37871. 30 
38021. 41 
38276. 59 
38638. 47 
39100. 73 
39408. 88 



88446. 78 

38251. 28 
38583. 04 

88448. 77 

" 81 



88780. 16 
38709. 66 
38763. 84 

38908. 00 
39248. SO 
39620. 13 
40008. 52 

88982. 20 
89880. 77 



89637. 88 

89580. 46 
39885. 66 
40421. 93 
4048 1. 96 

89845. 51 
40003. 00 

89981. 20 
40209. 72 
40862. 00 
40853. 89 



40735. 18 
40469. 71 



40473. 90 
40953. 36 

40079. SO 
40555. 28 
40921. 15 
41871. 17 



Differ- 
ence 



168. 55 
263. 64 
335. 29 
390. 20 



418. 43 
438. 50 
460. 65 



241. 53 
277. 70 
370. 09 



417. 21 
314. 90 



150. 11 
255. 18 
361.88 
462. 26 
308. 15 



263. 82 
331. 76 

572. 04 



-20.50 
53.68 



345. 30 
371. 83 



398. 57 
210. 92 



355. 20 
536. 27 
60.03 



157. 49 



228. 52 
152. 28 
491. 89 



475. 98 
365. 87 
450. 02 



Observed 
9 



0.10 
1. 051 
1.371 
1.305 

0.706 
0.992 
1.089 
1.21 

0.876 
1.111 

0.90 

1.077 



0.564 
1.29 

0.97 
1.09 

0. 936 
1.084 

2.55 
1.660 
1.588 

0.448 
0.973 
1.094 
1.108 

1.010 
1.10 

0.91 
1.04 

0.61 
1.085 
1.228 
1.18 



1.152 

0.45 
0.886 
1.129 
1.250 



0.91 
1.17 



1.29 
1.367 

0.929 
1.089 
1.243 
1.25 



Combinations 



•2 ep°, y «D°, 2 «F°, y »F°. 



a 4 P, a 4 D, a 4 F, b 4 F, a 4 G, a 4 H, a «D, a 2 P, a 2 D, 
a 2 F, a 2 G. 



a 4 P, a 4 F, b 4 F, a 4 G, a 4 H, a 2 D, a 2 F, a 2 G, a 2 H. 
2 H. 



a 2 D, a 2 F, a 2 G, b 2 G, b 2 H, a 4 P, a 4 F, b 4 F, a 4 G 
I a 4 H, a 3D. 

\a 2 P, a 2D, a 2 F, b 2 G, a 4 P, a 4 D, a 4 F, 6 4 F, a 4 H. 



2 6D°, Z8F°, Z<5G°. 



\a 2 P, a 2 D, a 2 F, a 4 P, b 4 P, a 4 D, b 4 D, a 4 F, b 4 F, 
J a*G. 

\a 2 G, a 2 H, b 2 H, a 4 F, b 4 F, a 4 G, a 4 H. 

\o 2 F, a 2 G, 6 2 G, a 2 H, b 2 H, 183, a 4 D, a 4 F, b 4 F, 
J a 4 G, a 4 H. 



a 4 P, b 4 P, a 4 D, & 4 D, a 4 F, 6 4 F, a «S, a <>D, a 2 P, a 2 D. 



a 4 D, 6 4 D, a 4 F, & 4 F, a 4 G, a 4 H, a 2 D, a 2 G, a 2 H, 183. 



10 2 D, a 2 F, a 2 G, 6 2 G, a 2 H, 6 2 H, a 4 P, a 4 D, a 4 F, 
f 6 4 F, a 2 G, a 4 H, a «D. 

10 2 F, a 2 G, 6 2 g, a 2 H, & 2 H, 183, a 4 D, 6 4 D, a 4 F, 
f a 4 G, a 4 H. 



6 4 D, a 4 F, & 4 F, a 4 G, a 4 H, a &D, a 2 P, a 2 D, a 2 F, 
a 2 G, a 2 H, b 2 H, 183. 



la 2 F, a 2 G, 6 2 G, a 2 H, 6 2 H, 183, a 4 F, 6 4 F, a 4 G, 
f a 4 H. 



a 4 P, b 4 P, a 4 D, 6 4 D, a 4 F, 6 4 F, a 4 G, a 4 H, a ^D, 
a 2 P, a 2 F, a 2 G, 6 2 G, 6 2 H. 



b 4 P, a 4 F, 6 4 F, a 4 G, a 4 H, a 2 F, a 2 G. 

la 2D, a 2F, a 2Q, 6 2Q, 5 2H, 183, a 4 P, 6 4 P, 4 D, 
I 6 4 D, a 4 F, 6 4 F, a 4 G, a 4 H. 



a 4 P, 4 P, a 4 D, 6 4 D, a 4 F, b 4 F, a 4 G, a 4 H, a 2 D, 
a 2 F, a2Q,&2G. 



a 4 P, 6 4 P, a 4 D, 6 4 D, a 4 F, b 4 F, a 4 G, a 4 H, a ^D, 
a 2 D,[a 2 F, a 2 G, 6 2 G, a 2 H, 6 2 H, 
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Electron 
configu- 
ration 


Term 
symbol 


Level 


Differ- 
ence 


Observed 

9 


Combinations 


d3 sp OD) 


w »Pfo 

w> 2 P^ 


4im~n 




1.38 


}a 2 P, a 2 D, a 4 P, b 4 P, a 4 D, b <D, a 4 G. 




411§h 


41139. 95 




0.88 


a 4 P, 6 *D, a 4 F, a 4 G, a 2 D, a 2 F, a 2 G, b 2 G, a 2 H, 
b 2 H, a «D. 




414I« 


41460. 97 




1.42 


a 4 P, 4 P, a *D, b 4 D, a 4 F, b 4 F, a 4 G, a 2 D, a 2 F. 




416!^ 


41615. 40 






a 4 P, 6 <P, a 4 D, 6 <D, a <F, b <F, a 4 G, a 4 H, a 2 F, 
& 2 G. 




?<F2H 

<Z 4 F3V* 

ff 4 F4H 


41554. 86 
41746. 34 
41930.87 
41873.91 


191. 48 

184. 53 
-5G.96 


0.556 
1.25 
1.186 


la 4 P, 6 4 P, a <D, 6 <D, c *F, 6 4 F, a 4 G, o 4 H, a 2 P, 
[ a 2 D, a 2 F, a 2 G, b 2 G, a 2 H, b 2 H. 


d* p (3Q) 


5 2 G3H 

s 2 Gfo 


41571. 61 
41895. 67 


321. 06 




]a 2D, a 2F, 6 2 G, a 2 H, b 2 H, 183, & 4 D, a 4 F, a 4 H. 


d*pPF) 


P 2 F5h 
P 2 F§h 


41829. 11 
41987. 35 


158. 24 


0.86 
1.135 


\a 2 P, a 2 D, a 2 F, a 2 G, 6 2 q, a 2 H, 6 2 H, b 4 D, 6 <f, 
/ a 4 G, a 4 H. 


d 4 p (3F) 


r 2 G|^ 


42T93.70 




1.15 


\a 2 F, a 2 G, 6 2 G, a 2 H, 6 2 h, 183, 6 4 D, a 4 F, 6 4 F, 
J a 4 G, a 4 H. 


rfs sp (o 3 P) 


r 4 DoH 
r 4 D?^ 
r *DIH 
r<D§^ 


41676. 81 
42339. 56 
42551.56 
42719. 18 


662. 75 
212.00 
167. 62 


1.45 
1.39 


la 4 P, b 4 P, 6 4 D, a 4 F, b 4 F, a 2 P, a 2 D. 




s 2 D!h 

S 2 D2H 


42316~.90 




1.21 


la 2 P, a 2 D, a 2 F, 6 2 H, b 4 P, a 4 D, & 4 D, a 4 F, 6 4 F, 
J a«D. 


d3 sp («P) 


<7 4 Df^ 
5 4 D1« 

? 4 D3H 


42324. 31 
42473. 21 
42642. 90 
43332. 66 


148. 90 
169. 69 
689. 76 




la 4 P, 6 4 P, 6 4 D, a 4 F, 6 4 F, a 4 G, a «D, a 2 P, & s G , 

f 2 H. 


d 3 sp ( 3 D) 


p 4 Dfa 
P 4 Dfo 

P 4 D2H 

p 4 D§H 


42801.67 
42900. 07 
43187. 00 
434H44 


98.40 
286. 93 
227. 44 




la 4 P, b 4 P, 6 <D, a 4 F, b <F, a 4 G, a «D, a 2 D, a 2 F. 
I a 2 G,6 2 G. 


d3 ap (3D) 


2 F2H 

o 2 F§>i 


42888. 84 






}a 2 P, a 2 D, a 2 G, a 4 F, a 4 G. 


d3sp(d3F) 


P 4 F!h 

P 4 F2H 

p 4 F§h 
P 4 FS>* 


42894- 24 
43022. 60 
43173. 00 
43395. 80 


128. 36 
150. 40 
222. 80 


1.22 
1.28 


la 4 P, 6 *P, a *D, 6 <D, a <F, 6 4 F, a <G, a <H, a ^D, 
[ a 2 G, a 2 H. 


d3sp(d3F) 


W 2 F2^ 

n 2 F3>i 


43342. 88 
43553. 17 


212.29 




]a 2 D, a 2 F, a 2 Q, 6 2Q, & 4D, a 4 F, 6 *F, a 4 G, a 6D. 




g 2 G§>$ 


43880. 22 






]a 2 G, a 2 H, a<F, a 4 G. 


d3 sp (3D) 


V 2 Poh 

t>2pfo 


46004. 29 
44063. 49 


-1940.80 


1.27 


}a 2 P, a 2 D, a 4 P, 6 <P, 6 <D, a <F. 




4 D§>* 
o 4 Dfo 

4 D2^ 

o 4 D§h 


44939.08 
44905. 54 
45170. 90 


-33.54 
265. 36 




la 4 P, 6 4 P, a 4 F, 6 *F, a 2 D, a 2 F, a 2 G, b 2 G, 6 2 H 


d3 sp (3G) 


U 2 Hfo 


45110. 13 
45259. 03 


148. 90 


1.09 


]a 2 F, a 2 G, 6 2 G, a 2 H, 6 2 H, 183, a 4 F, a 4 G. 


d 4 p (c 3F) 


771 2 F<!^ 

w2Fs>* 


45297. SO 




0.94 


}a 2 D, a 2 F, a 2 G, 6 2Q, b 2 H, a 4 P, b 4 P, 6 «d, b <F. 


d 4 p (c 3F) 


p *Qhi 

p 2 Glx 


45719. 07 
45982. 56 


203. 49 


0.84 


J6 2 G, a m, b 2 H, & 4 P, a 4 F, 6 4 F. 


d3 s.p (3F) 


n<Do^ 
n*DI^ 
n 4 D2^ 
?i 4 Dl^ 


45978. 84 
46364. 79 
46812. 58 
47275. 64 


385. 95 
447. 79 
463. 06 




la *P, 6 4 P, a *D, b <D, a 4 F, 6 4 F, a 2 G. 
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Electron 
configu- 
ration 


Term 
symbol 


Level 


Differ- 
ence 


Observed 
Q 


Combinations 


d* s.p (3F) 


r*G§^ 
r<G§>* 


#470. 71 

46724. 20. 
47080. 83 


459. 23 
253. 49 
356. 63 




la *P, b *P, b *D, a *F, a *G, a *H, a 2 F, a 2 G, 
[ 183. 


b 2 G, 


d* s.p ( 3 F) 


o 4 Fi>^ 
o 4 F§j^ 

o*FIh 


46170. 04 
46543. 56 
47022. 78 
47680. 59 


373. 52 

479. 22 
657. 81 




\a *P, b *P, a «D, b <D, a <F, & <F, a *G, a 2 G. 






n 4 Fi^ 

71 4 F2H 
71 4 F3H 
71 *F°iX 


46509~80 
46932. 06 
47146. 06 


422. 26 
214. 00 




la *P, b *P, a *D, a <F, a <G, a 2 G. 






469!h 


46919. 48 






a «P, & *P, a <D, 6 iD, a <F, a 2 P, a 2 D. 




rf3 S p (3H) 




46954. 40 
47155. 22 


200. 82 


1.00 


Ja 2 F, a 2 G, & 2 G, a 2 H, 6 2 H, a <F, a *G. 






2G°3H 
2 G4K 


47528. 49 
48242. 44 


713. 95 


0.92 
1.10 


}a 2 F, a 2 G, & 2 G, a 2 H, 6 2 H, 183. 






475fo 


47537. 67 






a*P, 6<D,a*F, & <F, a<G. 






71 2 G34 
7l2G4>* 


517~88.30 






|a 2 F, a 2 G, a 2 H, 183, a*D. 





The observed #- values are entered in column 5 of table 6. These 
may be compared with Lande values by referring to the publication 
mentioned earlier [17]. The #-sums for the levels originating in the 
various possible electron configurations are compared with the Lande 
sums for the same set of levels in table 7. The agreement is very 
close. Except in the case of the configuration d? s 2 , for which only 
one level is missing, several levels are missing from each configuration. 
The remarkable agreement of the sums supports the conclusion that 
the coupling is closely LS, deviations from Lande g's being accounted 
for by sharing in instances similar to those especially noted above. 

Table 7. — Test of g-sum rule for Cb i 



Electron configuration 


Sum 

observed g's 


Land6 
sum 


d* s 


39.811 
19.965 

135. 279 

136. 598 
1.99 


40. 000 
20. 000 

135. 268 

136. 582 
2.000 


(P .S'2 


d* p... 


d* up m __ 


dK 





All observed term combinations are listed in the last column of 
table 6. These conform to the selection rules for transitions between 
energy states, any others that were observed being ruled out as 
fortuitous. As in Cb n and all other complex spectra, a considerable 
number of permitted transitions is not observed, because of low 
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transition probability or superposition. The total number of listed 
term combinations is 1,042, of which 195 are doublet -doublet, 284 
quartet-quartet, 18 sextet-sextet, 375 doublet-quartet, 61 quartet- 
sextet, 31 doublet-sextet, and 78 involving unidentified levels. 

3. ELECTRON CONFIGURATIONS, THEORETICAL AND OBSERVED 

TERMS 

The five outer electrons responsible for the chemical properties and 
optical spectrum of neutral columbium may be grouped in three 
possible ways to produce the low terms of Cb i, as follows: 
4d 5 : 2 D, 2 (PDFGH), 4 (PF), 2 (SDFGI), 4 (DG), 6 S. 
4d 4 5s: 2 (SDG), 2 ' 4 (PF), 2 (SDFGI), 24 (PDFGH), 4 - 6 (D). 
4d 3 5s 2 : 2 D, 2 (PDFGH), 4 (PF). 

Of the 4a? 5 terms only 6 S has been found in Cb i. According to 
theoretical studies by Laporte [18], reasonably precise calculations 
can be made of the location of the others. The combinations should 
lie in the long wavelength visible or infrared and may be masked by 
bands. The 6 D term from 4cZ 4 5s is the lowest state of Cb i. The 
quartets have all been found except the relatively high 4 P and 4 F in 
the second parentheses above. The doublets from this configuration 
are very incomplete. The low terms b 2 G and b 2 H have been iden- 
tified, but are the only low terms about which some uncertainty is 
felt. The combinations are scattered and all Zeeman patterns unre- 
solved. The assigned j's give the largest number of combinations. 
An alternative possibility is that the unassigned level, 18332.04, 
i=5%, belongs to b 2 H, and that one of levels now assigned to b 2 G 
or b 2 H is part of the missing 2 F from 4d 4 5s. The only other possi- 
bility for 18332.04 is 2 I 5 ^. These terms must of course come from 
4<i 4 5s. No other possibility exists, since all terms from 4d 3 5s 2 have 
been found except 2 D listed first in the tabulation above and expected 
to be relatively high. 

The observed Cb I spectrum is almost entirely accounted for by 
transitions involving the low terms just discussed and intermediate 
sets arising from 4rf 4 5p and 4d 3 5s5p. The predicted and observed 
terms from these configurations are displayed in table 8. Although a 
considerable number of terms, particularly doublets, is still unknown, 
the remaining unclassified lines are generally scattered and weak. 
All recent efforts to extend the classification have yielded meager 
results so that further work has not been deemed profitable. All 
intermediate odd sextets are known. One of these, (4rf 3 5s5p) 6 G°, 
combines only with a high even term (4cZ 3 5s-6s) e 6 F, but the com- 
binations are intense and unmistakable with some support from 
Zeeman effect. Nearly all quartets are known, 4 S and 4 P terms being 
hardest to find. In some instances more than the expected number 
are found, particularly among the 4 F and 4 G terms. This indicates 
the appearance of terms from a 6^ electron. Some of these have been 
utilized in series calculations as will be shown in the next section. 
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Table 8. — Cb i predicted and observed terms 


Electron 








configu- 


Limit Cb n 


Predicted 


Observed 


ration 








4d 4 5s 


SD 


«D, 4 D 


a*!), a*D 




3 P 


*P, 2P 


o 4 P, ._ 




3D 


<D, 2D 


b 4 D, __ 




3F 


«F, 2 F 


b 4 F, ._ 




3G 


*G, 2G 


a*G, 6 2Q 




3H 


4 H, 2H 


c m, b 2H 




KSDFGI) 


2(SDFGI) 






3(PF) 


<(PF), 2(PF) 


" -'-,_-, ._, -- 




KSDG) 


2(SDG) 




4d* 5«2 




*P. 4 F 


a *P, a *F 






2(PDFGH) 


a 2 P, a 2D, a 2F, a 2G, a 2H 






2D 


-- 


4rfs 




6S 

<(DG),<(PF) 
2(SDFGI) 


a<5S 






2(PDFGH) 


__, _., __ 






2 D 


- 


4ef*5p 


SD 


6(PDF),«(PDF) 


Z 6P°, .r 6D°, y 6 F°, 2 4 P°, y 4 D°, y *F° 




3 P 


*(SPD),2(SPD) 


2 4 S°, ..,«;4D , 2 2S°, ..; 2 2D° 




3D 


<(PDF),2(PDF) 


w 4 P°, * 4 D°, y 4 F°, a: 2p°, 5 2F° 




3F 


KDFG),2(DFG) 


?* *D°, a; 4 F°, m; 4 G°, « 2D°, r 2F°, r 2G° 




3G 


KFGH),2(FGH) 


« 4F°, v 4 G°, ar 4 H°, v 2F°, 5 2q, y 2 h° 




3H 


<(GHI),2(GHI) 


y 4 G°, y 4 H°, 2 41°, 2 2G°, 2 2H°, y 21° 




is 


2S 






ID 


2(PDF) 


.., ""»*F 




IF 


2(DFG) 


-, P 2 F°, .. 
w;2F°, _.,2;2H 




iG 


2(FGH) 




il 


2(HIK) 


y2H°, .., .. 




3P 


4(SPD),2(SPD) 






3F 


4(DFG),2(DFG) 


8 4 D°, t 4F~°; V <G°V* 2 b" 77w"2F°, p 2QO 




IS 


2S 






ID 


2(PDF) 


__, _. f 




»G 


2(FGH) 




id 3 5s 5p 


5p 


6(SPD),<(SPD) 


2 6S°, // 6P°, y «D°, w 4 S°, x 4 P°, g <D° 




3 P 


4(SPD),2(SPD) 


1/ 4S°, y 4p° f a; 4D°, y 2S°, y 2po ? __ 




?F 


6(DFG), 4 (DFG) 


2 6D°, 2 op , z 6G°, v <D°, to 4 F°, x 4 G° 




3F 


4(DFG),2(DFG) 


2 <D°, 2 "F°, 2 4 G°, V 2D°, 2 2F°, 2/ 2G° 




3 P 


KSPD),2(SPD) 


2HS , -.,r 4 D°, ..,..,^D° 




IP 


2(SPD) 


.., __,2;2D 




3D 


*(PDF), 2(PDF) 


., p 4 D°, r 2 F°, tf 2 P°, t ijyo^ Q 2 po 




ID 


2(PDF) 


w 2P°, m; 2D°, t* 2F° 




3F 


<(DFG),2(DFG) 


_., 4 F°, .., .-,7l2F°, *2G° 




IF 


2(DFG) 


~,Q 2 F°, - 




3G 


4(FGH), 2(FGH) 


S 4 F°, t 4 G°, 2 4 H°, * 2F°, v 2G°, tt 2H° 




iQ 


2(FGH) 


x 2F°, a; 2 G°, eo 2 H° 




3H 


HGHI), 2(GHI) 


s 4 G°, -., .., w 2 G o ,* 2 h , „ 




iH 


2(GHI) 


W2G°, __, 2 21° 




3D 


4 (PDF), 2(PDF) 






ID 


2(PDF) 


'--'--'-- 



The criteria which have been found useful in assigning the various 
terms to electron configurations and ionization limits are summarized 
as follows: 

1. Order or relative position oj terms of Cb n. — These terms constitute 
the ionization limits for Cb i, and terms correlated with the various 
limits are expected to be distributed in an analogous manner. 

2. Intensities oj multiplet combinations. — If the ionization limit of 
the low term is known, and it is certain in all instances in Cb I, the 
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high term of the combination yielding the strongest line is expected 
to go to the same limit. In other words, it is in the same family. 

3. The position of analogous terms in vanadium i. — These spectra 
closely resemble each other, terms of similar origin appearing at about 
the same elevation above the lowest. 

4. Assignment to give the best conformity with the g-sum rule. — This 
is largely a matter of picking out instances of (/-sharing, of which 
selected examples have been given. 

5. Hyperfine structure. — The association of the appearance of 
hyperfine structure with the configuration involving a single s-electron 
has been discussed earlier in the paper. It is to be noted that the 
numerous combinations of a 4 F and a 4 F from 4d 3 5s 2 are relatively 
sharp. 

4. SERIES AND IONIZATION POTENTIAL 

Two high even terms have been found in Cb i, of which the first, 
4(Z 4 65 ( 5 D) e 6 D, is the second series member associated with 
4c? 4 5s ( 5 D) a 6 D, the lowest state of the atom. This series converges 
to a 5 D, the lowest state of the ion. The other high term, 4d 3 5sSs e 6 F, 
appears for the first time in this configuration, having no counterpart 
in the 4gP 5s 2 configuration because of the operation of the Pauli 
exclusion principle. Attempts to find high even quartets analogous 
to those known in V i proved futile. A few fragmentary terms, 
tentatively established, were not considered certain enough to be 
retained 

Three high odd terms, n 4 D°, o 4 F°, and/ 4 G°, all attributed to the 
configuration 4rf 3 5sdp, are associated with the lowest odd terms 
2 4 D°, 2 4 F°, and z 4 G° from 4d 3 5s5p, and converge to 4d 3 5s a 3 F 
in Cb ii. 

The ionization potential has been calculated both from the even 
sextet series and from these odd series. In general, four steps are 
required to calculate the ionization limit or elevation of the lowest 
state of the ion from the lowest state of the atom for a given set of 
levels in series when only two members of the series are known. 
First, the separation of the two members is found by subtracting the 
relative values. Second, this difference is located as closely as 
possible in a Rydberg interpolation table [19]. In the column adjoin- 
ing on the left in the table is found the absolute value of the lower 
term or distance in wave-number units between this term and its 
ion limit. Third, the value of the lower term measured from the 
normal state is added to the number so found to give the elevation 
of the ion limit above the normal state of the atom. Finally, the 
value of the limiting term in the ion spectrum relative to its normal 
state is subtracted, and the remainder gives the required lowest 
ionization limit. It is converted to electron volts by dividing [20] by 
8067. The results of these calculations for the available data are 
summarized in table 9. 
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Table 9. — Cbi series 



Term 


Electron 


n* for 5s 


Limit 


Cbll 


Ioniza- 
tion 


5s 


65 


a 6 D3H 
a 6 T)2x 

a 6 Dok 
Mean 


1050 

695 

392 

154 




38568 
38178 
37842 
37579 
37410 


1. 3910 
1. 3915 
1. 3920 
1. 3925 
1. 3927 


57762 
57363 
57021 
56751 
56579 


1225 

801 

438 

159 




56537 
56562 
56582 
56592 
56579 










.... 


56571 


Term 


Electron 


n* for 5p 


Limit 


Cbn 


Ioniza 
tion 


5p 


Qp 


z 4 D§* 

Z 4 D2H 

z 4 Doh 
Mean 


21512 
20838 
20384 
20107 


47276 
46813 
46365 
45979 


1.6216 
1. 6163 
1. 6161 
1. 6189 


63242 
62844 
62399 
61979 


8320 
7901 
7506 
7506 


54922 
54944 
54893 
54473 










.... 


54808 


z*F?* 
2*FIh 

Z*F2H 

z*F!^ 
Mean 


24057 
24015 
23574 
23244 


47681 
47023 

46544 
46170 


1. 6924 

1. 6973 
1. 6984 
1. 7002 


62819 
62106 
61614 
61226 


8320 
7901 
7506 
7506 


54498 
54205 
54108 
53720 


- — 








.... 


54133 


z*G!h 

ziGzx 
z<GSh 

Mean 


24203 
23537 
23023 
22647 


47081 
46724 
46471 
46011 


1. 7012 
1. 6920 
1. 6844 
1. 6868 


62121 
61867 
61699 
61212 


8320 
7901 
7506 
7506 


53800 
53966 
54193 
53707 


----- 








.... 


53916 



The mean ionization limit from 5 levels associated with s-type 
electrons is 56,571 cm -1 , whereas the mean from 12 levels involving 
£>-type electrons is 54,286 cm -1 . The difference is probably due to 
the departure of one or other type of series from the simple Rydberg 
form. For V i Meggers and Russell [7] discarded this procedure, 
and calculated the ionization limit from values of the effective quan- 
tum number n* estimated from the spectra of flanking elements, Ti 
and Cr. Columbium is flanked by Zr and Mo, for which the effective 
quantum numbers of terms with highest multiplicity associated with 
5s are 1.47 and 1.36, respectively [21]. The value thus indicated for 
Cb i is 1.41, corresponding to a term value of 

T=(R!n* 2 )= 109737/1. 41 2 = 54,868 cm" 1 

for a 6 T) y 2 . This is in close agreement with the ionization value 
54,286 cm -1 derived from the odd quartet terms. We consider a 
rounded mean of 54,600 cm" 1 will represent the ionization value of 
Cb i with fair accuracy — it corresponds to a principal ionization 
potential of 6.77 volts. 
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